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CHAPTER 1 
INTRODUCTION 

INTRODUCTION 
Rheumatoid arthritis is a systemic disease. Although alterations 
in the immune system (11), genetic predisposition (9) and exo-
genous stimuli (2) are presumed to be involved, its aetiology 
remains basically unknown. Recent research, however, has supplied 
numerous data on the main feature of the disease: the rheumatoid 
joint lesion. Briefly it is supposed that: 1. immune mechanisms 
are involved in the initiation of the joint inflammation (11); 
2. joint inflammation induces proliferative changes of synovium 
(5) and of other articular and periarticular tissues; 3. inflam-
matory and proliferative lesions ultimately lead to impairment 
or destruction of form and function of the joint and surrounding 
structures ( 5 ) . 
If we focus on the rheumatoid joint inflammation and its sequelae, 
we find that knowledge of the pathogenesis of joint destruction 
is substantially lacking (6) and, although several enzymatic me-
chanisms and cellular events have been explained ( 7 ) , much ig-
norance remains about the relations between the inflammatory pro-
cess on the one hand and the resulting irreversible joint damage 
on the other. In view of the dependency of normal joint function 
on the integrity of articular and periarticular structures ( 4 , 8 ) , 
and taking into account that chronicity and variable severity 
are hallmarks of rheumatoid joint inflammation, we outlined a 
study dealing with two pertinent fundamental questions: 
a. What relation exists between the inflammation within the joint 
and the changes in the surrounding periarticular tissues? 
b. What relation exists between the inflammatory process and the 
changes in hyaline articular cartilage, particularly in view of 
the duration and severity of inflammation? 
A detailed study of the abovementioned questions requires samples 
from the various articular and periarticular tissues, preferably 
with overview sections of the joint for assessment of interrelated 
tissue changes. In addition, sampling should be repeated during 
the course of the arthritis, both in the early and in the chronic 
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phase. Since lack of adequate tissue specimens hampers this study 
in human arthritic joints, we used the experimental animal model 
of antigen-induced arthritis, which has been widely accepted as 
a suitable model for rheumatoid arthritis because of the simila-
rities in morphology and immunopathology ( 3 , 1 0 ) . Arthritis was 
elicited in an in-bred strain of mice (1) because in-breeding 
ensures a uniform inflammation and the small species enables pre-
paration of whole joint sections. 
We first made a histological study of the sequential lesions in 
the periarticular tissues in relation to inflammatory lesions 
within the joint. For this purpose, whole joint sections were 
prepared at various intervals after arthritis induction (chapter 
2 ) . Secondly we developed methods to quantitate mouse knee-joint 
inflammation (chapter 3) and chondrocyte metabolic function in 
articular cartilage, both in vivo and in vitro (chapter 4 ) . These 
methods enable studies on the influence of arthritis on in-vivo 
chondrocyte function and survival (chapter 5 ) , and especially on 
the significance of the duration and severity of joint inflamma-
tion for the proteoglycan synthesis in the articular cartilage 
and the eventual occurrence of chondrocyte death (chapter 6 ) . 
Finally, the probable pathogenetic significance of impaired chon-
drocyte metabolic function and chondrocyte death for cartilage 
destruction in chronic arthritis is outlined (chapter 7 ) . 
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CHAPTER 2 
SEQUENTIAL ALTERATIONS OF PERIARTICULAR STRUCTURES IN ANTIGEN-
INDUCED ARTHRITIS IN MICE 
MWM KRUIJSEN, WB VAN DEN BERG, LBA VAN DE PUTTE 
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SUMMARY 
The influence of antigen-induced joint inflammation on periar-
ticular structures was studied in mice on histological sections 
of whole knee-joints prepared at various intervals after arthri-
tis induction. The inflammatory process in the synovial membrane 
and fluid was associated with alterations in periarticular tis-
sues from the very beginning of inflammation. Muscles nearby the 
joint became intensely infiltrated by (polymorphonuclear) leuko-
cytes by apparent spreading of the infiltrate out of the syno-
vial tissue into the surrounding muscles. An early destructive 
effect was found in the bony structures adjacent to the joint 
leading to erosive changes. The fibrous capsule showed fibroblast 
proliferation resulting in thickening of the capsule, whereas pro-
liferative changes in the periosteum ultimately resulted in new 
bone formation. Changes in the fibrous capsule as well as in the 
periosteum were most pronounced at the sites of severe inflamma-
tion and at the sites of attachment of the capsule to the bone, 
suggesting a role of both the inflammatory process and biomecha-
nical forces in the expression of tissue proliferation. These 
data indicate that arthritis may profoundly influence periarti-
cular tissues. Whether this results in inflammatory, in prolife-
rative or in destructive changes seems to depend on the structure 
and the location of the involved tissue. 
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INTRODUCTION 
Joint inflammation of the type of human chronic arthritis is as-
sociated with pathological alterations in various articular and 
periarticular tissues (15). Interest has so far been focused 
mostly on damage to articular cartilage and subchondral bone, 
for disruption of these structures interferes with joint func-
tion and lesions in cartilage and bone are easily recognized on 
radiographs. 
In recent years, however, several authors have taken an interest 
in the involvement of periarticular tissues in chronic inflamma-
tion (5,6). Such studies are of value because periarticular tis-
sues are important for joint function (1) and their involvement 
in the inflammatory process may lead or contribute to joint dys-
function and deformity (16). In addition, the study of patho-
logical alterations in periarticular tissues may provide new or 
additional information on the pathogenesis of chronic joint 
disease. The potential for long-term antigen retention has been 
shown not only for hyaline and fibrous articular cartilage ( 7 ) , 
but also for (periarticular) tendons and ligaments (7,17,18). 
Studies on experimental chronic arthritis that describe the in-
volvement of periarticular tissues in relation to the inflamma-
tion within the joint are few (8,9,13). This may in part be due 
to technical difficulties in obtaining adequate histological sec 
tions through whole joints and the lack of a reproducible model 
of chronic arthritis in small animals. In this study we used the 
recently developed antigen-induced arthritis model in mice ( 4 ) , 
which ensures reproducible arthritis by using inbred strains and 
the preparation of adequate whole joint sections containing both 
articular and periarticular structures. In this paper we describ 
sequential lesions in periarticular tissues in relation to in-
flammatory lesions in the joint at various intervals after ar-
thri ti s i nduction. 
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MATERIALS AND METHODS 
Animals and induction of arthritis. Antigen-induced arthritis 
(AIA) was elicited with methylated bovine serum albumin (mBSA, 
Sigma Chemical Company, St. Louis, Missouri, U S A ) . Male C57B1 
mice, aged 6-8 weeks, were immunized with mBSA in Freund's com­
plete adjuvant as previously described (2). Bordetella pertussis 
organisms (National Institute of Public Health, Bilthoven, The 
Netherlands) were administered i.p. as an additional adjuvant. 
On day 21 arthritis was induced by injection of 100 ug mBSA in 10 
μΐ saline (sterilized by millipore filtration) into the right 
knee-joint. Contralateral knee-joints were injected with 10 yl 
saline. 
Histology. On several days after induction of arthritis (1,2,4, 
7,14 and 28) groups of 5 mice were killed by ether anaesthesia. 
Both knee-joints were removed in toto and fixed in 4% phosphate-
buffered formalin. After decalcification of the joints in 5% for­
mic acid, the tissues were processed and embedded in paraffin 
wax. Whole joint sections (6 μ) were prepared and stained with 
haematoxylin and eosin. Histological observations were made on 
frontal sections of the knee-joint which included both menisci, 
cruciate and collateral ligaments, the patella and the surround­
ing muscles (see figure 1 ) . Changes in the various tissues were 
graded from - to +++ in proportion to occurrence. 
RESULTS 
Immunized mice received mBSA in the right and saline in the left 
knee-joint. Inflammation was never observed in the saline-inject­
ed joints. Characteristics of mBSA-induced joint inflammation 
are shown in table I. 
Intra-articui ar (i.a.) antigen administration caused an acute 
type of inflammation with exudation, infiltration and deposition 
of fibrin-like material. Inflammation was clearly present on the 
first day after i.a. injection; it was most pronounced on days 
4 and 7, affecting all articular structures, and gradually sub-
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Figure 1, Drawing of a section of a mouse knee-joint. The plane of section 
is indicated in the diagram. 
sided thereafter. Initially, polymorphonuclear leukocytes (pmn) 
were by far the predominant cells; starting from day 4 the re-
lative proportion of mononuclear cells increased. Synovial lining 
hyperplasia ensued on day 4 and persisted throughout the period 
of observation as an easy recognizable sign of ongoing inflamma-
tion. Changes in other structures will be dealt with in the fol-
1owi ng sections. 
Fibrous capsule and ligaments. The outer fibrous layer of the 
joint capsule is commonly called the fibrous capsule. The liga-
ments of the joints are local thickenings of this capsule and 
consist of bundles of collagen fibres with fibroblasts. Involve-
ment of the fibrous capsule of the joint in the inflammation was 
obvious from the first day after i.a. antigen injection by oede-
matous swelling, slight pmn infiltration (table I) and changes 
in fibroblast appearance from flat to more ruffled cells. On days 
4 and 7, pronounced infiltration of pmn was seen and fibroblast 
proliferation occurred which, together with oedema formation, 
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Table I . H is to logy o f ant igen- induced a r t h r i t i s . 
STRUCTURE FEATURE SCORE ON SEVERAL DAYS AFTER ARTHRITIS INDUCTION1 
1 2 1» 7 11» 28 
joint cavity exudation: 
cells + ++ +++ 
fibrin-like material + + ++ 
synovial stroma cellular infiltration + ++ +++ 
% mononuclear cells 5 5 20 
fibrous capsule cellular infiltration + + ++ 
swel 1 ¡ng +_ + ++ 
increase of fibroblasts - - + 
periosteum swelling of fibrous layer + + + ++ ++ + 
swelling of osteogenic layer + + + + + + ++ + 
bone apposition of bone - + ++ ++ 
erosion + + + 
muscles cellular infiltration + ++ +++ ++ + + 
decrease of diameter - - - + + ++ 
articular cartilage proteoglycan depletion + ++ ++ +++ +++ ++ 
destruction near pannus - - - ++ + + 
chondrocyte death without pannus - - - + + ++ 
++ 
++ 
++ 
20 
++ 
++ 
++ 
+ 
+ 
+ 
20-50 
+ 
+ 
++ 
+ 
+ 
+ 
80-90 
-
+ 
++ 
*graded from - to -m- in proportion to occurrence. 
resulted in an extremely broadened capsule. At that time the 
overwhelming inflammation in the joint cavity and the synovial 
stroma partly obscured the structure of the capsule. With subsi­
dence of the inflammatory infiltrate, the increase in fibroblasts 
with persistent thickening of the capsule became more obvious 
(fig. 2). In the chronic phase, when oedematous swelling and pmn 
infiltration had disappeared, shrinking of the fibrous capsule 
resulted in a closely woven capsule rich in fibroblasts. 
Fibroblast proliferation was not evenly distributed over the 
whole capsule but appeared to be more intensive at sites adjacent 
to severely inflamed synovial stroma and at the sites of attach­
ment of the capsule to the bone (fig. 2 ) . 
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Figure 2. a. Attachment of the fibrous capsule (C) to the patella (P) in a 
normai mouse knee-joint (F is f e m u r ) . (90 x ) . b. Thickening of the fibrous 
capsuie, and fibroblast proliferation at the site of attachment of the capsule 
to the patella on day l^ after arthritis induction. Note also the thickening 
of the synovial stroma (S) and the exudate in the joint cavity (JC). (90 x). 
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Unlike the capsule, the ligaments did not become infiltrated by 
pmn or mononuclear cells and did not show distinct oedematous 
swelling. Fibroblast proliferation did occur, however, but was 
prominent only on the outside of the ligament (fig. 3) and not 
on the inside, although this side is in close contact with the 
inflammatory exudate in the joint space. Analogous to the pro­
liferative changes in the capsule, fibroblast proliferation at 
ligaments was most pronounced at sites adjacent to severely in­
flamed tissue and at the sites of attachment to the bone. 
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Figure 5. C o l l a t e r a l l igament (L) of the knee on day 28 a f t e r a r t h r i t i s i n ­
d u c t i o n . Note the f i b r o b l a s t p r o l i f e r a t i o n (FP) on the o u t s i d e o f the l i g a ­
ment, whereas on the s ide o f the j o i n t c a v i t y (JC) no p r o l i f e r a t i o n o c c u r s . 
(2ί»0 x ) . 
The •per-LartiauZav bone and •periosteum. The bony s t r u c t u r e s a d j a ­
cent t o the j o i n t became i n v o l v e d i n the i n f l a m m a t i o n w i t h i n two 
ways. There was an e a r l y d e s t r u c t i v e e f f e c t o f the i n f l a m m a t i o n , 
l e a d i n g t o e r o s i o n s and l o s s o f s u b c h o n d r a l bone, and t h e r e was 
a p r o l i f e r a t i v e r e a c t i o n i n the p e r i o s t e u m w i t h new bone f o r m a -
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ti on. 
From day 7 on, erosions of the cartilage and the subchondral bone 
were found at the margins of the articular surfaces and also in 
the central part of the knee-joint at the sites of attachment of 
the cruciate ligaments. At these erosion sites the bony struc­
tures were replaced by granulation tissue which also undermined 
the cartilage, probably growing out from the synovial stroma. 
Another striking feature, associated with loss of bone, was the 
widening of nutrient foramina, which became apparent on day 4 and 
persisted throughout the period studied (day 2 8 ) . These foramina 
pierce the bony cortex at several sites wherethe synovial stroma 
is adjacent to bone, e.g. around the femoral epicondyles, and 
also in the central part of the knee-joint at the sites of in­
sertion of the menisci and cruciate ligaments (fig. 4 ) . 
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Figure 4. a. Nutrient foramen (NF) piercing the cortex of the tibia (T) be-
neath and near the attachment of the intra-articular ligament (L) in a normal 
knee-joint (90 x). b. Widening of nutrient foramina near the attachment of 
the intra-articular ligament to the tibia (T) on day 28 after arthritis in-
duction. Note also the infiltration of the synovium (S) and the filling-up 
of the foramina with inflammatory cells (90 x). 
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Apar t f rom t h i s l e s i o n w i t h loss o f bone, the re was an i n t e n s i v e 
r e a c t i o n o f the per ios teum r e s u l t i n g i n s u b p e r i o s t a l new bone 
f o r m a t i o n . Res t ing per ios teum c o n s i s t s o f an i nne r os teogen ic 
l a y e r w i t h scanty os teogen ic c e l l s and an ou te r f i b r o u s l a y e r 
o f c o l l a g e n f i b r e s w i t h f i b r o b l a s t s . The f i b r o u s l a y e r behaved 
as d i d the f i b r o u s l a y e r o f the j o i n t c a p s u l e , i . e . i n the e a r l y 
stages i t showed oedematous s w e l l i n g and i n f i l t r a t i o n o f pmn, and 
subsequen t l y t h e r e was c l e a r p r o l i f e r a t i o n o f f i b r o b l a s t s ( t a b l e 
I ) . The changes i n the per ios teum were most pronounced at the 
s i t e s ad jacen t to i n f l amed synovium. In the os teogen ic l a y e r o f 
the p e r i o s t e u m , hype r t r ophy of c e l l s was found at the f i r s t ap-
pearance of i n f l a m m a t i o n , and f rom day 2 on there was an i nc rease 
of c e l l s . On day 4 the o s t e o b l a s t s formed a dark zone of baso-
p h i l i c c e l l s w i t h a r e g u l a r l i n i n g a t the s i t e of the bone 
Figure 5. A zone o f os teob las ts (0) 
l i nes the d i s t a l femur (F) on day 
k a f t e r a r t h r i t i s i n d u c t i o n . Note 
the i n f i l t r a t i o n o f the synovium 
(S) . (240 x ) . 
Figure 6. Subper iosteal new bone (NB) 
fo rmat ion g i v i n g the d i s t a l femur (F) 
an i r r e g u l a r border on day 14 a f t e r 
a r t h r i t i s induc t ion (240 x ) . 
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(fig.5). From day 7 on intercellular matrix deposition 
was prominent, resulting in subperiosteal new bone formation 
with irregular borders and inlets (fig. 6 ) . From day 14 on new 
trabecular spaces filled with bone marrow were seen. New bone 
formation was most pronounced near the attachment sites of fi-
brous capsule, ligaments and tendons. In addition to subperios-
teal new bone formation, simultaneous cartilage formation and 
bone formation was seen at the margins of the epiphyseal plates, 
apparently due to outgrowth of epiphyseal cells. Simultaneous 
cartilage formation and bone formation was found also at the 
margins of the patella. On days 14 and 28 myeloid tissue disap-
pearance out of the marrow cavity of the distal femur and sub-
stitution by red blood cells was found in some mice. 
The periarticular muscles. On day 4 after i.a. antigen injection 
there was intensive pmn infiltration of the muscles near the 
joint by apparent diffusion of the infiltrate from the synovial 
stroma through the fibrous capsule into the surrounding muscles 
attached to the patella and the tibia (fig. 7 ) . On day 1 and 2 
after i.a. challenge, we already found pmn strikingly focused 
around arterioles in the muscles, and this was also seen further 
away from the joint, indicating a local vascular origin of these 
cells. Near the joint, we consistently observed variations in 
diameter of the muscle fibres and sometimes even disappearance 
of fibres on day 7 and increasingly on days 14 and 28. At that 
time the fasciae of the muscles were thickened by an increase of 
fibroblasts. Further away from the joint there was a decrease in 
the diameter of muscle fibres, as indicated by an increase in the 
number of these fibres and of nuclei per viewing field (table I ) . 
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Figure 7. I n f i l t r a t i o n o f the muscles (M) adjacent to the j o i n t on day k 
a f t e r a r t h r i t i s i nduc t ion (P is p a t e l l a , F is femur ) . The j o i n t c a v i t y (JC) 
is f i l l e d w i t h a c e l l - r i c h exudate. (90 x ) . 
DISCUSSION 
The f i n d i n g s i n the v a r i o u s an imals were s u f f i c i e n t l y c o n s i s t e n t 
t o pe rm i t seve ra l genera l c o n c l u s i o n s . The i n f l ammato ry process 
i n the s y n o v i a l t i s s u e and f l u i d appears to be accompanied by 
a l t e r a t i o n s i n many o t h e r a r t i c u l a r and p e r i a r t i c u l a r t i s s u e s . 
Th is was a l r eady e v i d e n t on day 1 , i . e . f rom the very beg inn ing 
of the i n f l a m m a t o r y p rocess . J o i n t i n f l a m m a t i o n induces both de-
s t r u c t i v e and p r o l i f e r a t i v e changes i n the va r i ous s t r u c t u r e s , 
dependent on the type o f s t r u c t u r e and the l o c a l i z a t i o n in r e -
l a t i o n to the j o i n t . The marked i nc rease o f f i b r o b l a s t s i n the 
v a r i o u s f i b r o u s l a y e r s and o f o s t e o b l a s t s i n the os teogen ic l a y e r 
was seen w i t h i n 4 days o f a r t h r i t i s i n d u c t i o n . These changes were 
most pronounced at s i t e s ad j acen t to s e v e r e l y i n f l amed t i s s u e and 
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at the sites of attachment of fibrous capsule, ligaments and ten-
dons, suggesting a role of both the inflammatory process and bio-
mechanical forces in the expression of connective tissue proli-
feration . 
In antigen-induced arthritis, inflammatory reactions in the joint 
cavity after intra-articui ar injection of antigen are believed 
to result from local immune complex formation (7) and delayed 
hypersensitivity reactions to retained antigen (10). Mechanisms 
operative in the involvement of periarticular tissues may be 
several, and probably not identical for the various tissues. 
Moreover, individual tissues or cells may react differently to 
i denti cal stimuli . 
The first of all possibilities to be considered is that antigen, 
free or in the form of immune complexes, leaks into the surroun-
ding tissues after intra-articui ar injection, inciting local in-
flammation in these tissues. However, we recently studied the 
fate of radiolabelled intra-articular antigen using sequential 
autoradiographs, and were unable to detect leakage of antigen to 
the periarticular tissues (3). The second possibility is that 
mediators of inflammation, released from the exudate in the sy-
novial cavity and the infiltrate in the synovial membrane, dif-
fuse into the surrounding tissues. A similar principle has al-
ready been postulated for periarticular bone resorption in chro-
nic arthritis, osteoclast-activating factor and prostaglandin E2 
(19) locally produced in the inflamed synovium having been held 
responsible for osteoclast activation in subchondral bone. Our 
observation that fibroblast proliferation was most pronounced in 
the vicinity of synovial inflammation is compatible with this 
hypothesis, for the highest concentration of mediators is to be 
expected near the inflammatory process. Apart from the vicinity 
of inflammation and the presence of mediators of inflammation, 
mechanical forces may be co-factors in defining the extent and 
localization of tissue proliferation. Proliferation of fibro-
blasts of the fibrous capsule was most extensive in and near 
its attachments to the bone, and the subperiosteal new bone for-
mation was most pronounced adjacent to insertions of tendons and 
ligaments, suggesting that the strain and pull on these sites 
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caused by the swelling of the joint may stimulate proliferation. 
Assuming that the various periarticular structures are stimulated 
by the same mediators liberated in the inflammatory process, it 
is impressive how differently these tissues appear to react to 
identical stimuli at different locations. There is subperiosteal 
new bone formation by activated osteoblasts, but on the other 
hand there is loss of subchondral bone at other sites, probably 
due to osteoclast activation at these sites. The latter was pro-
minent at the margins of the articular surfaces, showing ingrowth 
of inflamed synovial stroma, and at the widened nutrient foramina 
(fig. 4 ) . A similar situation existed with respect to cartilage. 
There was a destructive effect at the central part of the patella 
with chondrocyte death ( 2 ) , and there was new cartilage forma-
tion at the margins of the patella, showing metaboli cally active 
35s-incorporating chondrocytes (data not s h o w n ) , which probably 
originated from the osteogenic layer of the patellar periosteum. 
With respect to fibroblasts there was also a variable reaction 
pattern. Fibroblast proliferation was prominent in the joint cap-
sule, the fibrous layer of the periosteum and the outside of the 
ligament (fig. 3 ) , but the fibroblasts of the ligament itself did 
not show a proliferative response. The abovementioned data indi-
cate that the type of reaction of a tissue apart from the depen-
dency on local factors, is largely defined by its structure. Fi-
broblasts proliferate in the loose fibrous layers but not in the 
rigid ligaments, in which the cells are surrounded by tight 
bundles of collagen fibres. Similarly, chondrocytes do not pro-
liferate within the intact cartilage matrix but are able to do 
so when freed from this matrix, as in chondrocyte cultures ( 1 4 ) , 
or in depleted cartilage as in severe osteoarthritis (11,12). 
Our data may be important for an understanding of some features 
of human chronic arthritis. Periarticular muscle wasting in rheu-
matoid arthritis has been largely ascribed to inactivity and to 
mostly mild generalized myositis frequently present in this 
disease (15). From our data it seems quite possible that at least 
part of the periarticular muscle wasting is due to (diffusion of) 
the inflammatory joint process in(to) the surrounding muscles. 
Periosteal proliferation, often found in juvenile chronic arthri-
tis, may result from the same principle and indeed is predominant 
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ly found in areas in close contact with inflamed synovium. 
Decreased capsule compliance is often found in rheumatoid 
arthritis as an early and long-lasting feature. Our data indicate 
that the main reaction pattern in the fibrous joint capsule is 
fibroblast proliferation as a relatively early feature, result-
ing in the chronic phase in a closely woven capsule rich in fi-
broblasts, which may be the cause of decreased compliance. So 
far as tendons and ligaments are concerned, we found typical 
proliferative changes on the outside of the ligaments. Perhaps 
a similar reaction pattern may be responsible for the tendon 
irregularities often found in tendovaginitis. Apart from morpho-
logically similar bone and cartilage erosions, widening of nu-
trient vascular foramina has also been described in human rheu-
matoid arthritis (15) and it appears from our sections that this 
may be due to granulation tissue. 
Our conclusion is that joint inflammation of the type we studied 
markedly influences periarticular tissues. At least part of the 
joint dysfunction so often found in chronic arthritis may be re-
lated to involvement of these tissues. Our findings warrant 
further studies on these structures in human chronic arthritis. 
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Detection and quantification of experimental joint inflammation in mice by measurement of 
'""Tc-pertechnetate uptake 
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A bstracl 
We adapted the method of " T c penechnetate ( T c ) 
uptake measurements to the mouse knee for detection and 
quantification of arthritis because clinical assessment of 
mouse knee joint arthritis is not reliable The mam points to 
ensure reproducibility of measurements were proper fixation 
and positioning of the knee and careful shielding of the rest 
of the body from the gamma radiation detector '""Tc 
uptake was calculated as the mean of three countings The 
variation coefficient of these countings ranged from 0 007 to 
0 082 m non arthritic joints and from 0 025 to 0 081 in 
arthritic joints Arthritis was scored as the ratio of the " T c 
uptake m the right knee versus that in the left knee This ratio 
averaged I 06 (S D 0 05) m non arthritic mice 20 minutes 
after " T c administration ι ρ On the second day after 
induction of arthritis in the right knee, this ratio ranged from 
1 44 to 1 96, this was significantly higher (P < 0 005) than in 
non arthritic mice, and the increase remained significant 
during at least 20 days n T c uptake measurements seem to 
be a useful method to detect and quantify arthritis of the 
knee joint in mice 
Introduction 
The mouse is a suitable animal to study various models 
of arthritis 11-31 Advantages are the availability of animals 
from inbred strains, which ensures a high degree of 
uniformity of joint inflammation, and the mexpensiveness 
However. Us smallness makes clinical assessment of arth 
nus unreliable Histological examinations are needed to 
judge the seventy of joint inflammation and this requires the 
saenfice of the animal Histological examination has the 
additional disadvantage of being labonous and time con 
suming, and of allowing only semiquantitative scores of 
inflammation The aim of our study was to develop a method 
to delect and quantify arthritis without sacrificing the 
animal Such a method would reduce the time needed for 
experiments and would enable follow up studies in the same 
animal This paper describes the adaption of " T c pertech 
nctate ( " " T c ) uptake measurements, an established method 
for the detection and quantification of arthritis in human 
subjects 141 and animals as rabbits 151. to the knee joint of 
the mouse 
Material and methods 
T c uptake measurement 
The basic method has been described in detail else 
where [4] " T c uptake by mouse knee joints was registered 
after injection of 10 μ€ι " T c in 0 2 ml saline either 
intravenously (ι ν ) into a tail vein or mtrapentoneally (ι ρ ) 
The gamma radiation over the knee joints was measured 
with a collimateci thallium activated sodium iodide sein 
tillation crystal The animals were sedated 10 minutes before 
the measurement by ι ρ administration of 0 1 ml of 4 5% 
chloralhydrate per 10 g body weight In order to hold the 
knee at each registration at the same distance from and in 
the same position in relation to the scintillation crystal, we 
designed a device (see Fig 1) which held the knee joint 
hooked in a fixed position The cavity guided the knee to 
Figure I 
Appparatus to measure " T c uptake m a mouse knee joint 
A lead layer (1) has a cavity (2) with at the bottom a 
window The cavity holds by its shape the joint hooked in a 
fixed position A perspex screen (3) covers the window to 
protect the scintillation crystal (4) which is collimated (5) 
The crystal is connected to a photospectrometer and a 
print out (6) 
identical flexion and by its shape also ensured lateral 
stabilization A lead layer (4 mm) shielded the body of the 
mouse The window in the lead layer measured 5 mm and 
was screened with perspex to avoid contamination of the 
crystal The fixed distance from the knee to the crystal was 
25 mm During counting, the knee was kept in place by the 
investigator For comparison of the two routes of " T c 
administration, count rales over the knee joints were 
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measured during 30 seconds at short intervals alter ι ν 
injection and after ι ρ injection of the isotope in 3 
non arthritic mice We used ι ρ injection of " T c for the 
further experiments A t each " T c uptake measurement 
both knee joints were counted three times during 30 seconds, 
alternating the right knee and the left knee We practised this 
'""Tc uptake measurement in mice before and at various 
intervals (see Results) after arthritis induction Measure 
ments were performed 20 and 60 minutes after " " T c 
administration Arthrit is was scored as the ratio of the " " T c 
uptake m the right versus thai in the left knee joint ( R / L 
ratio of " " T c uptake) For statistical analysis the paired 
ι test, two tailed, was used 
Animals and induction of arthritis 
Male C57B1 mice, aged 6-8 weeks, were immunized 
with 100 щ methylated bovine scrum albumin (mBSA, 
Sigma Chemical Company, St Louis, Missouri, USA), 
emulsified in 0 I ml Freund's complete adjuvant ( F C A ) 
containing mycobactenum strain H 3 7 R A (Difco Labora 
tones, Detroit, Michigan, USA), by divided injections into 
the flank skin and the footpads of the two forelegs After 7 
days, 0 I ml mBSA in F C A was injected into two different 
dermal sites of the flank On both occasions 2 10' Bacillus 
pertussis organisms (RIV, Bilthoven, The Netherlands) were 
administered ι ρ as an additional adjuvant On day 21 
arthntis was induced by intra articular injection of 100 ßg 
mBSA in 10 μ\ physiological saline (sterilized by millipore 
filtration) into the right knee joint Contralateral knee joints 
were injected with physiological saline only On the 36th day 
after arthritis induction a flare up of joint inflammation 16. 71 
was elicited by ι ν injection of 300 /ig mBSA 
Histology of arthritis 
38 days after induction of arthritis, ι e 2 days after 
eliciting a flare up of joint inflammation, mice were sacri 
fi eed by ether anaesthesia Both knee joints were removed m 
loto and fined in 4 % phosphate buffered formalin After 
decalcification of the joints in formic acid the tissues were 
processed and embedded in paraffin wax Total joint sections 
(6 μ) were prepared and stained with haematoxylm and 
eosm Arthrit is was assessed in a standardized frontal 
section of the knee joint which included both menisci, the 
cruciate ligaments and the patella 
Results 
T c uptake measurement 
The dose of '""Tc administered resulted in about 3000 
to 4500 counts per minute (c ρ m ) over non arthritic knees 
and m about 5000 to 10.000 с ρ m over arthritic knees at 20 
minutes after " " T c injection After ι ν injection of " " T c the 
count rates reached a plateau phase within 2 minutes After 
ι ρ injection the count rates increased gradually, reaching a 
plateau phase within 15 minutes As mentioned, each '""Tc 
uptake was calculated as the mean of three countings For 
non arthritic joints (n = 16) the variation coefficient of the 
three countings ranged from 0 007 to 0 082 For arthritic 
joints (n = 5), on the second day after arthritis induction, the 
variation coefficient ranged from 0 025 to 0 081 The R/L 
ratios of '""Tc uptake 20 and 60 minutes after " " T c 
injection in non arthritic mice (n = 8) are shown in the table 
The mean was 1 06 (S D 0 05) and 1 03 ( S D 0 04), 
respectively The R/L ratios of " " T c uptake 20 minutes 
after " " T c administration, as registered several days after 
Ratios of " " T c uptake in the right versus the left knee 
joints in 8 non arthritic mice 
Time after 
" T c injection 
R/L ratios of *"Tc uptake in individual miti 
2U minutes 
60 minutes 
ι iu ι Ü2 ι m ι 02 ι и ι OB О Ч Ч I O 1 
103 I 01 I M I 00 I 10 nd OSIH н ю 
" T c uptakes were registered 20 and 60 minutes aficr intraperitoneal " Τι 
administration (n d not done) 
R/L ratio о! " " Ч с uptake 
2 0 0 
0 2 6 
Τι α ant/gin 
26 36 3Θ 
day» 
Figure 2 
Ratios of ' ""Tc uptake in the right versus the left knee joints 
in immunized mice before and at various intervals after 
intra articular ( ι a ) injection of antigen m the right knee and 
also after a subsequent intravenous (ι ν ) injection of antigen 
+ , О · ^ and D represent indmdual mice 
arthritis induction, are shown in Figure 2 At all times of 
assessment we found higher R/L ratios o f ' " " T c uptake than 
before arthritis induction This increase of the R/L ratio of 
" " T c uptake remained significant during at least 20 days 
(day 0 versus day 2 ρ < 0 005. day 0 versus da> 6 ρ < 0 005 
day 0 versus day 12 ρ < 0 0 1 . day 0 versus day 20 ρ < 0 05) 
The R/L ratios o f " " T c uptake several days after arthritis 
induction also showed significant differences (day 2 versus 
day 6 ρ < 0 05, day 6 versus day 12 ρ < 0 005 day 12 
versus day 20 ρ < 0 05) After eliciting the flare up of 
arthritis we found the R/L ratio of " m T c uptake to be 
increased significantly (day 26 versus day 37 ρ < 0 05) On 
the various days the R/L ratios of ' ""Tc uptake 60 minutes 
after " " T c injection were similar to those 20 minutes after 
'""Tc injection 
Histology 
Microscopic examination revealed no signs of arthritis 
m the left knee joints The right knee joints showed the 
features of chronic inflammation The capsule and the 
ligaments were broadened by fibroblast proliferation The 
synovium was infiltrated by mononuclear leucocytes There 
was damage to the cartilage of the jo int surfaces and the 
menisci Besides these features of long standing mflam 
mation there was obvious infiltration by polymorphonuclear 
leucocytes (p m η ) throughout the synovium and exudation 
with fibrin and ρ m η in the joint space The signs of chronic 
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inflammation as well as the ρ m η infiltration and exudation 
were significantly less marked in the mouse (hat showed the 
lowest R/L ratios of ' T c uptake (indicated + in Fig 2) 
than in the others 
Discussion 
Our results show that " T c uptake can be repro 
dumbly measured over non arthritic and arlhr.lic mouse 
knees Intravenous as well as intraperitoneal injections are 
suitable for " m Tc administration We prefer intraperitoneal 
injection as the easiest approach We pointed out that the 
"
m Tc uptake by the knee joint can be registered at least 
during one hour after " T c administration Careful shielding 
of the body of the mouse with lead is essential, otherwise the 
registration is unacceptably influenced by radiation from the 
trunk Other factors to be taken into account in order to 
ensure the reproducibility of measurements of the " T c 
uptake, are the fixation and positioning of the knee and the 
distance from and centration of the joint in relation to the 
scintillation crystal We controlled all these factors by means 
of the apparatus shown in Figure I That " T c uptake 
measurements are useful and reliable in the detection of even 
minor joint inflammation and in the quantification of marked 
inflammation has already been proven in other species |4, SI 
In the mouse we also And a highly significant increase of the 
R/L ratio of " T c uptake after induction of unilateral 
arthritis in the right knee The highest score for arthritis is on 
the 6th day after arthritis induction, this is in accordance 
with the histological data on the course and seventy of 
antigen induced arthritis in mice 11. 31 By using the ratio of 
'""Tc uptake in the right versus the left knee as indicator of 
arthritis we eliminated several factors which are not 
arthritis dependent but may influence the absolute count 
rates Such factors are weight and age, and also some 
variation in the dose of " T c injected A great advantage of 
the " T c uptake measurement method is the feasibility of 
longitudinal studies in individual mice As shown in Figure 2. 
arthritis was assessed at least seven times in each mouse in 
the course of 38 days A phenomenon described in rabbits 
161 and also found in our experiments m mice |7 | is the 
flare up of antigen induced arthritis after systemic adminis 
tration of the antigen This flare up of inflammation was 
clearly registered by " T c uptake measurement and resulted 
in a significant increase in the R/L ratio of " T c uptake In 
the histological slides we did find signs of acute inflam 
mation in tissues clearly affected by chronic inflammation A 
useful application of the method described is the detection 
and quantification of joint inflammation in mouse knees The 
method is probably a useful aid in evaluation of the influence 
of various agents on joint inflammation, because it can be 
used in serial measurements 
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The Mouse Patella Assay 
An Easy Method of Quanlitaling Articular Cartilage С hondrocyte Function in \i\o and in vitro 
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Summary. An easy m e t h o d of q u a n t i t a t i n g art icular carli-
lage chondroevte function in mice is descr ibed using a 
defined and anatomical lv intact carti lage structure the 
patel la T o avoid d a m a g e to the cart i lage before incuba­
tion " S incorporat ion studies were per formed leaving the 
patel lae s u r r o u n d e d by a m i n i m a l area of non-carti lagi-
nous connect ive tissue T h e patel lae were then p u n c h e d 
out so that the " S a c t n i t v incorpora ted into the cartilage 
could be measured Incorporat ion of 3 S S was almost 
completely blocked by 0 1 m M c ) c l o h e x i m i d c Patellar 
cartilagL from left and right knee jo ints of individual mice 
shows identical incorporat ion oí " S as indicated b) a 
right/left rat io of I 01 in vitro and 0 99 in vivo respec-
tive!) " S incorporat ion values of patel lae of mice of dif-
ieren! ages d o show considerable var ia t ion but within 
proper l ) age-matched groups of mice the incorporat ion 
values are comparab le A known suppressive eiTecl of 
acute jo in t inf lammation on p r o t e o g h c a n synthesis was 
reliably quant i ta ted in the zymosan- induced ar thnt i s 
model as indicated by 39% in vitro and 35% in vivo 
inhibi t ion of " S incorpora t ion T h e patel la assay can be 
used for quant i ta t ive measuremen t of chondrocy te me tab-
olism in normal and pharmacological ly al tered carti lage 
Key words: Art icular cart i lage - C h o n d r o c y t e function -
Proteoglycan synthesis - Arthrit is 
Introduction 
Chondrocy te proteoglycan synthesis has been studied in 
ar t icular cartilage of h u m a n s and exper imenta l animals 
using various radioisotopes in par t icular " S Most of 
these studies were performed in vitro and used damaged 
cart i lage structures such as slices or expiants [1 4] Рог 
c o m p a r i s o n of c h o n d r o c y t e function in var ious carti lage 
samples incorporat ion of radioisotopes h a s to be ex­
pressed in relation to some tissue p a r a m e t e r , e g weight 
D N A , or uronic acid content of the cart i lage Moreover, 
care has to be taken to control the d e p t h of the cartilage 
samples and to define the localization of the cartilage in 
the j o i n t Proteoglycan synthesis is r e p o r t e d to vary with 
the dis tance from the art icular surface [4] and m a s also 
difler considerablv in various l o t a t i o n s in the j o i n t e g 
weight bear ing areas versuN non weight-bear ing areas [5] 
Al terat ions in chondroevte function have at tracted 
a t tent ion not onlv in degenerat ive jo int disease [6-8] but 
also in inf lammatorv arthrit is [9 П ] In a d d i t i o n studies 
are carried out to investigate the modula tory ellect of 
drugs on n o r m a l a n d a u g m e n t e d ar t icular carti lage 
proteoglycan synthesis [14-17] 
I his p a p e r describes a m o u s e cart i lage assav that uses 
a defined structure in this case the whole patel la and 
therefore the addi t ional d e t e r m i n a t i o n of a tissue p a r a m ­
eter is not requi red T h e m e t h o d is fast eas\ to r e p r o d u c e 
a n d m a k e s use ot an anatomical ly intact carti lage struc 
ture Suppress ion ol chondrocyte protcoglvcan synthesis as 
observed d u r i n g acute jo int in f lammat ion [13] can be 
reliably q u a n t i t a t e d Moreover the d e v e l o p m e n t of a n 
art icular carti lage assay in small a n i m a l s such as mice 
enables not only in vitro but also in vivo i n c o r p o r a t i o n 
studies with small a m o u n t s of radio i sotopes a n d m a k e s it 
possible to study the influence of in vivo a d m i n i s t e r e d 
drugs on art icular carti lage c h o n d r o c y t e function in g roups 
of inbred animals 
Materials and Methods 
Animals Male С 57BI mice in dilTereni age groups ranging from 6 
lo 22 weeks wert used 
¡n Miro " i Incorporaiion in Parellar Cartilage Groups of five mice 
of various ages were killed bv cervical dislocation The palellae 
were removed from the knee joints leaving the cartilage sur-
rounded by a minimal area of non cartilaginous conneeloc tissue 
and placed in 5 ml incubation medium consisting of RPMI 
Hepes and RPMI H C 0 3 (1 I) (Flow laboratories Irvine Scot 
land) with added penicillin (100 U/ml) and streptomycin 
(100μg/ml) After preincubation at 37 0 C m a 5 ΐ CO, atmo­
sphere for 45 mm the palellae were transferred to Flow plastic 
incubation vials (2 ml) containing 0 5 ml RPMI and 5 μ Ο " S -
sulphale (Radiochemical Centre Amersham England) and incu­
bation was continued for 3 h unless slated otherwise At the end 
of the incubahon period the patellae were washed three times 
with 10 ml saline fixed overnight in 0 5 1 cet)lperjdiniumchloride 
in 4^ phosphate-buffered formalin and decalcified in 5*? formic 
acid for 1 day to enable proper dissection of the patella After 
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decalcifkation the whole patellae eould easilv be punched mil 
trom the surrounding connective tissue with an agar gel punch 
(diam I mm) After solubilization in I ml LumasoKe containing 
quaternarv ammonium hydroxide (Lumac. Basic. Switzerland). 
the I5S radioactivits ol the patellar cartilage was counted in a 
liquid scintillation spectrometer 
In two experiments normal mouse serum (20%) and/or L-
glutamine (1 mM) was added to the incubation medium The 
ctïect of a protein s\nthesis inhibitor on Ï 5S incorporation was 
tested b\ addition ot cveloheximide |I8] to a concentration of 
0 I mM. both during preincubation and during incubation with 
Î5S 
Automdîographj To show the localization of 35S incorporation 
three punched-out patellae were embedded in fresh liver tissue 
and fixed overnight in 4rr phosphate-buflered tormalm. The 
tissues were processed and embedded in paraffin wax and auto-
radiograph) was pertormed on 6 μ sections as previously de­
scribed for whole joint sections [ 13] 
In vivo ".V Iticorpnranoii Mice were injected intravenouslv into 
the tuil vein with 2 μΓι 1 5 S per gram bod\ weight and killed at 
various time intervals The patellae were removed, washed and 
processed lor total " S radioactivit) counting as described above 
for the in vitro " S incorporation. Blood samples were obtained 
trom the tail ( 10 μΐ) at short intervals alter IV injection and Ksed 
in I ml water Total I S S activitv was determined bv liquid scintil­
lation counting 
Effen of Jui/u ¡njlannmmon on ' У incorporation Zvmosan 
(Koch-Light L a b . Colnbrook. Bucks, Tngland) was sterilized bv 
autoclavmg and 300 μg in 10 μΙ sahne was iniected into the right 
knee joints of 10 normal C57B1 mice Previous observations have 
shown that zvmosan induces pronounced joint іпПаштаиоп 24 h 
after injection [13. 19] Left knee joints were injected with 10 μΙ 
saline as control The animals were killed 24 h later Five mice-
were injected IV with 2 μ(. ι " S per gram bodv weight 2 h belore 
being killed so that I S S incorporation in vivo could be studied. 
while in another group oí five mice ÎSS incorporation was studied 
in vitro using isolated patellae. The 35S content of the patellae 
was determined as described above. The decrease in " S content 
of the cartilage from the zvmosan-mjected knee joint was ex 
pressed as a percentage of the " S content of the contralateral 
saline-injected control )oint oí the same animal 
Results 
Fig. I. Autoradiograph oí a section ol a punched-out patella (Z') 
embedded in liver tissue {/.) The patella was incubated for 3 h in 
vitro with ΙΟμΟ " S per ml Note the distinct labelling of the 
cartilage and the absence of labelling in the non-cartilaginous 
part of the patella ( H I.,. 80 X ) 
lab ie l , hlìect of cvcloheximide on in vitro " S incorporation in 
normal patellar cartilage 
Controlb Cvcloheximide1 
7.17 
759 
574 
69 
62 
69 
Cpm in patellar cartilage after 3h incubation with ΙΟμΟ/ηιί 
" S 
Left patellae were (pre-) incubated in normal medium 
Right patellae were incubated in the presence of 0 1 mM cvclo­
heximide both during 30 mm preincubation and 3 h " S in­
corporation 
ìn Miro " S Incorporation in Patellar Cartilage 
Figure I shows an au to rad iograph of a histological section 
of a p u n c h e d - o u t specimen. The 3 5S labell ing is ciearl) 
present m the cart i lage and absent in the non-car l t iaginous 
part of the patella To establish that the 1 5S labelling of 
the patel lar cart i lage reflects incorporat ion ra ther than 
diffuse labefting. an incubat ion was performed in the 
presence of the protein synthesis inhibi tor cycloheximide 
Tab le I shows that the ' ' S content of the patel lae was less 
than ΙΟ'ί of the n o r m a l values in the presence of c\clo-
hextmtde 
" S incorporat ion values in c p m of paired patel lae of 
individual n o r m a l mice are presented in T a b i c 2. N o dif­
ference was found between the " S content of left and 
right patel lae, as indicated b) a m e a n of individual right 
(R)/ieft (L) ratios of 1 01 ( S D « 0 13). W h e n a m e a n R/l . 
ra t io was calculated from m e a n values in cpm of feft a n d 
right pate l lae instead of from individual R / L ratios a 
slightlv higher s tandard deviat ion was found ( S D = 0-22)-
Table 2. In vitro 3 5 S incorporation in patellar cartilage of left and 
right knee joints of normal mice 
Mouse 
1 
2 
3 
4 
5 
Mean ± SD 
" S content" 
Kelt palella 
74 1 
708 
651 
7(17 
971 
755±I25 
Righi palella 
881 
628 
695 
M7 
870 
75Si и : 
Righl/ieft 
1.18 
089 
I 07 
1.01 
0.90 
1.01 h ± 0 13 
1.00l±0.22 
Cpm in patellar cartilage after 3h incubation with ΙΟμΟι/ιηΙ 
" S 
Mean R/L ratio calculated from individual R/L ratios 
Mean R/L ratio calculated from mean values in cpm of right 
and left patellae 
40 
Tabic 3 In viiro "S incorporation values in palillar cartilage 
Irom normal mice of dilTerent age 
Age (weeks) "S tonltnl' 
6 - 8 
8 10 
12 14 
20-22 
M25 b±142 
1 266 + 128 
916 ±138 
438 ± 59 
1
 Cpm m ρ Hell ir cartilage аПсг 3h incubation with ΙΟμΟ/ηιΙ 
"S 
ь
 fach value represents the mean ± SD calculated from groups of 
live mice 
60O 
{cpm) 
300 
(a) 
• 
\ 
• 
.\ 
\ \ 
• \ 
\ 
О 
V 
\0 
Ü 
2000 
cpm -
BOO 
hours incubation 
Fig 2 ïSS umlLTiL til normdl pdlellae (in cpm) іПег various 
ptntxK оГ intubation with 10μ(ι "S per ml VdliiL!» rcprcstnl 
iht mcdn± SD taltulattd from groups ol ^ mite 
Ι ι 
-+-
-+-2 6 
hours af ter ι ν 
IL 
4 1 -
cpm 
ж 10 " : 
24 4 8 
. 3 5 „ 
i n j e c t i o n of S 
Fig 3 "S content of patellar cartilage (left axis) and 10 μ] blood 
{right axts) at various hours after IV administration of 2 μΟ "S 
per gram bod) weight Groups of mice aged 6 10 weeks were 
killed after 2 6 24 and 48 h ·—· represent ISS values of the left 
and the right patella of individual mice о о represents mean 
values of the "S blood content ol 3 mice 
Fig 4 bflect ol arthritis on in vitro (a) and in vivo (b) "S 
incorporation in patellar cartilage Values represent the "S 
content (cpm) of patellar cartilage from saline injected (·) and 
zymosan injected ( ) kneejoinls of individual mice 
Table 3 shows the influence of age on the absolute " S 
incorporation values of patellar cartilage of normal mite 
I he " S content detreaies clearh »uh increasing age of 
the animals which shows the need to work with groups of 
mice of the same age when mean values ofgroups ofmicc 
have to be compared instead of individual R/L ratios On 
the other hand variation in " S incorporation is small 
within the age groups as indicated by the low standard 
deviations 
Figure 2 shows " S incorporation values after various 
periods of incubation The incorporation proceeds linearly 
for at least 4 h Addition of normal mouse serum (up to 
20'i·) lo the incubation medium did nol alter the incor­
poration values measured after 3 h incubation On the 
other hand " S incorporation values were increased by 
30^ when incubations were performed in (he presence of 
1 mM L glutamme an essential amino acid known to 
stimulate various synlhetic processes 
In vivo " S Imorporanon in Patellar Cartilage 
To measure in vivo incorporation " S was administered 
IV Figurc3 shows " S values of blood samples and " S 
values of left and right patellae of normal mice at various 
times after IV injection As in the in vitro experiments no 
difference was found between (he " S content in the left 
and right patellae The mean R/L ratio calculated from 
individual R/L ratios 6 h after IV injection was 0 99 (SD = 
0 14 n = 5) The " S contení did not increase between 2 
and 6 h after IV injection 
Effect of Joint Inflammation on " S Incorporation 
One day after arthritis induction with zymosan in the right 
knee J!S incorporation was measured both in viiro and in 
vivo Figure 4 shows "S values of the arthritic cartilage as 
compared with the paired control cartilage of the same 
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animal In all niiLC " S inuirpoulion was detrcasuJ in [he 
arlhntic cartilage Mean inhibition (.akulated Troni inhibí 
tion values o( individual mice »as 39ir (SD= I lit) in vitro 
and 355 (SD = 8ri) in vivo respectively 
Discussion 
The present investigation shows that the patella of the 
mouse is a suitable anatomical cnlitj for cas) quantitative 
measurement of chondrocyte function The mouse patella 
assay is fast enables both in vitro and in vivo studies and 
makes use of a defined and anatomically intact cartilage 
structure 
Chondrocyte proleoglvcan synthesis has been widclv 
studied in wtro using either cartilage slices or expiants 
[1 4] When slices »ere incubated in culture medium the 
rale of proteoglvcan svnlhcsis as measured by incorpora-
tion ol 35S increased markedlv »ith incubation time 
probablv m reaction to proteoglvcan depletion from dam 
aged cartilage under these conditions [20 21] In the 
present studv care »as taken to avoid damage to the 
cartilage before incubation In dissecting the patellae of 
the mouse only the surrounding non-cartilaginous con-
nective tissue »as damaged leaving the patellar cartilage 
intact bpon incubation high 35S incorporation did occur 
in the damaged connective tissue adjacent to the cut 
surface (data not shown) but at the end of incubation the 
patella »as punched out from this tissue and onlv " S 
incorporation in intact patellar cartilage »as measured 
One advantage of the patella assav is that it is easy and 
fast Determination of tissue »eight DNA or uronic acid 
content is unnecessary because a defined structure is used 
in this case the »hole patella Measurements in the 
patellae of non-inflamed mouse knee joints revealed no 
diflcrence in " S incorporation between left and right 
patellae (see values in Tabic 2 and Fig 3) I he 
standard deviation »as only slightly higher when a mean 
R/L ratio was calculated from mean values of left and 
right patellae of groups of mice instead of from R/L ratios 
of individual mice This higher variation can be caused by 
intenndiviaual differences eg age of the animals (Ta-
ble 3) or variation in the endogenous sulphate pools [22] 
Changes m chondrocyte function can be rehablv 
quantilated Joint inflammation is known to have a sup-
pressive effect on chondrocyte proteoglycan svnlhcsis 
both from observations in the rabbit [I I 12] and from our 
autoradiographic studies in arthritic mice [13] Figure 4 
shows that induction ofjoint inflammation by IA injection 
ol /vmosan induces decreased JSS incorporation in patel 
lar cartilage of all mice studied 
Absolute values of in vitro 35S incorporation in patel-
lar cartilage were not inDuenced by addition of scrum to 
the incubation medium but the addition of I glulamme 
had an enhancing effect suggesting the latter to be an 
essential amino acid for murine chondrocytes Similar 
eflecls have been described for chondrocytes of other 
species Maroudas [2] showed that addition of scrum had 
no eflect on short-term " S incorporation in human 
cartilage slices Recentlv Handlcy et al [23] showed L-
glutamine to be an essential ammo acid for avian chon-
drocytes 
An interesting finding »as that in vivo " S incorpora-
tion m patellar cartilage reached a plateau 2 h after IV 
administration of " S Similar observations have been 
made in mouse costal cartilage [22] and it »as suggested 
that this was caused bv rapid disappearance of the 
circulating J5S Our experiments also revealed a rapid 
decrease in the 35S content of the peripheral blood 
(1 ig 1) but after 2 h the amount of " S in the blood was 
still ЗО1? ol the value measured shortly (5 min) after IV 
injection an amount too large to be ignored A possible 
explanation for an earlv plateau mav be that a large part 
ol just synthesi/cd "S-labclled proteoglycan present in 
patellar cartilage at 2 h remains in situ for a long period 
but that a small part is released from the cartilage shortly 
after ssnthesis The amount synthesized between 2 and 6 h 
may then just about counterbalance this short-term loss 
resulting m similar values of I 5 S at 2 and 6 h 
In conclusion the development of a cartilage assav in 
small animals such as mice enables comparable in vitro 
and in vivo studies on articular cartilage chondrocyte 
function The influence of drugs on articular cartilage 
chondrocyte function has so far been studied mainlv in 
vitro Numerous cartilage samples have to be obtained 
from single individuals and drugs in variable concentra­
tions have to be introduced into in vitro culture systems 
[14- 17) In vivo studies with drugs require groups of com­
parable animals The development of a cartilage assay in 
mice makes it possible to work with mbrcd strains and 
with large groups ol inexpensive animals which are 
comparable when properly age matched 
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Summary.—The influence of joint inflammation on patellar hyaline articular carti-
lage was studied in mice. Antigen-Induced and zymosan-induced arthritis were 
used as models for immunologically and non-immunologically induced joint inflam-
mation. The contribution of newly formed proteoglycan to the cartilage proteoglycan 
content, as measured by labelling of the cartilage after i.v. administration of 3 5S-
sulphate, was decreased in parallel with the severity of inflammation during both 
zymosan-induced and antigen-induced arthritis. The decreased 35S content of the 
cartilage was due to inhibition of synthesis rather than breakdown of newly synthe-
sized proteoglycan, since no accelerated release of 3äS from arthritic cartilage could 
be demonstrated in vitro. Antigen-induced arthritis was associated with progressive 
chondrocyte damage. Loss of chondrocytes was consistently found in the central part 
of the patella, without nearby presence of pannus. It would appear that, in addition 
to enzymatic breakdown of cartilage, other phenomena are important in cartilage 
destruction: inhibition of proteoglycan synthesis and chondrocyte death, apparently 
unrelated to pannus formation. 
DESTRUCTION of hyaline articular carti-
lage is a major consequence of human 
chronic arthritis, such as rheumatoid 
arthritis. Until recently, enzymatic break-
down of cartilage matrix components 
has been held largely responsible for this 
phenomenon, and enzymes capable of 
degradation of both cartilage collagen and 
proteoglycans have been shown to be 
released by leucocytes and connective 
tissue cells in the inflammed joint (Dingle, 
1979; Barrett, 1975). Recently, experi-
mental data have suggested that various 
types of joint inflammation may also 
have a deleterious effect on chondrocyte 
function as reflected by the inhibited 
synthesis of 35S-labelled proteoglycans 
(Carmichael et al., 1977; Lowther et al., 
1978). In these studies only in-vitro data 
were obtained. 
The present report deals with the in-
fluence of mouse knee-joint arthritis on 
hyaline articular cartilage chondrocytes. 
In order to establish whether joint in-
flammation affected in-vivo proteoglycan 
metabolism, 35S-sulphate was adminis-
tered i.v. and its incorporation in patellar 
cartilage was studied by autoradiography 
and liquid scintillation counting. Patellar 
cartilage was chosen to compare the incor-
poration of 35S in inflamed vs control 
joints because serial sections of normal 
knee joints showed considerable variation 
in 35S incorporation in all cartilage struc-
tures except patellar cartilage. Antigen-
induced arthritis (Brackertz, Mitchell and 
Mackay, 1977) and zymosan-induced 
arthritis (Keystone et al., 1977) were used 
as models for immunologically and non-
immunologically induced types of joint 
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inflammation respectively. The results 
indicate that both types of inflammation 
diminish the contribution of newly formed 
proteoglycan to the cartilage, which was 
at least in part due to inhibition of syn­
thesis. Only antigen-induced arthritis 
was associated with progressive chondro­
cyte damage. These data suggest that a 
deleterious effect of inflammatory pro­
cesses on chondrocytes may add to the 
destruction of hyaline articular cartilage. 
MATERIALS AND METHODS 
Animals and induction of aHhritis.—Antigen-
induced arthritis was elicited with methylated 
bovine serum albumin (mBSA, Sigma Chemical 
Company, St Louis, Missouri, USA). Male 
C57BL mice aged 6-8 weeks were immunized 
with 100 /ig mBSA emulsified in 0-1 ml Freund's 
complete adjuvant (FCA) containing myco­
bacterial strain H37RA (Difco Laboratories, 
Detroit, Michigan, USA), by divided injections 
into the flank skin and the footpads of the fore­
legs. After 7 days, 0-1 ml mBSA in FCA was 
injected into 2 other dermal sites of the flank. 
On both occasions 2-109 heat-killed Bordetella 
pertussis organisms (National Insti tute of Public 
Health, Bilthoven, The Netherlands) were 
administered i.p. as an additional adjuvant. 
On Day 21, arthritis was induced by injection of 
100 ftg mBSA in 10 μ\ saline (sterilized by milli-
pore filtration) into the right knee joint. Con­
tralateral knee-joints wore injected with 10 μΐ 
saline. 
Another type of arthritis was induced with 
zymosan (Koch-Light Lab, Colnbrook, Bucks, 
England) in normal C57BL mice aged 10-12 
weeks. Zymosan was sterilized by autoclaving 
and arthritis wus induced in the right knee by 
intraart icular injection of 300 pg in 10 μ\ 
saline. Another series of mice received a second 
intra-articular injection with zymosan 7 days 
after the first one. 
Histology and grading of arthritis. — At various 
intervals (as indicated under Results) after 
induction of arthritis, groups of 5 mice were 
killed by ether anaesthesia. Both knee joints 
were removed in toto and fixed in 0-5% cetyl-
pyndium chloride in 4 % phosphate-buffered 
formalin. After decalcification of the joints 
in 5 % formic acid, the tissues were processed 
and embedded in paraffin wax. Total joint 
sections (6 μτα) were prepared and stained with 
haematoxylin and eosin. Arthritis was scored 
semiquantitativcly in a standardized frontal 
section of the knee joint, which included both 
menisci, cruciate ligaments and the patella The 
extent of cellular infiltration of the synovial 
tissue was graded on a scale from 0 to 3 accord­
ing to the proportion of tissue densely infiltrated 
with cells. Cellular exudate within the joint 
space was graded on a similar scale from 0 to 3. 
The exudate remained in situ because the joint 
cavity was not opened during histological pro­
cessing of the specimen. Loss of chondrocytes 
in patellar cartilage was graded 0 to 3, depending 
on the mean proportion of cartilage without 
chondrocytes scored within 3 histological sec­
tions: 0—no loss of chondrocytes, 1—loss of 
one quarter of the chondrocytes,2—lose of one 
half of the chondrocytes, 3—loss of all chondro­
cytes. 
In addition, sections were stained with Alcian 
Blue (0 ·3Μ MgCU, p H 5·4) and the loss of stain­
ing, which reflects a decreased proteoglycan 
content (Meachim and Stockwell, 1973), was 
graded on the following scale: 0—similar stain­
ing, 1—slightly decreased, 2—definitely de­
creased, 3—severely decreased. 
Autoradiography.—Mice with unilateral 
zymosan-induced or mBSA-induced arthritis 
were injected i.v. into the tail vein with 2 μ Ο 
3 5S-sulphate (Radiochemical Centre, Amersham, 
England) per g body wt β h before killing. 
Animals were killed by ether anaesthesia and 
total knee sections were prepared as described 
above. Comparable sections of the arthritic 
joint and the contralateral saline-injected 
control joint of the same animal were mounted 
on the same slide in similar position, dipped 
in K 5 emulsion (Ilford, Basildon, Essex, Eng­
land) and exposed for 1-3 weeks. After this 
period the slides were developed and stained 
with haematoxylin and eosin. The slides were 
read under code and 35S-labelling of the patellar 
cartilage was scored semiquantitatively. The 
extent of labelling of the patellar cartilage 
of the arthritic joint was compared with the 
labelling of the cartilage of the salme-injected 
control joint of the same mouse on the same 
slide and graded on the following scale: 0— 
similar labelling, 1 —slightly decreased, 2— 
definitely decreased, 3—severely decreased. 
Quantification of 3SS-labeUing of patellar 
cartilage.—Groups of 5 mice with mBSA-
induced or zymosan-induced arthritis existing 
one day received 2 μ Ο 3 5S-sulphato per g body 
wt i.v. Patellae were obtained 6 h later, washed 
and processed for total 3 5 S radioactivity count­
ing as described below for the in-vitro patella 
assay. 
IN-VITRO incubation of patellae with 35S-
sulphate.—Patellae from arthritic joints and 
saline-injected control joints were carefully 
dissected, the cartilage being left embedded in 
a small area of non-cartilaginous connective 
tissue to avoid damage to the cartilage and 
placed in 5 ml incubation medium consisting 
of RPMf-Hepes and RPMI-НСОэ (1:1) (Flow 
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Laboratories, England). After pre-incubation 
a t 37° under ОггСОг (95:5 v/v) for 45 mm, the 
patellae were transferred to 0-5 ml RPMI con­
taining 10 μ Ο 3 5S-sulphate per ml, and incu­
bation was continued for 3 h. At the end of the 
incubation period the patellae were washed 
3 times with 10 ml saline, fixed overnight in 
0-5% cetylpendinum chloride in 4 % phosphate-
buffered formalin, and decalcified in 6% formic 
acid for 1 day. After decalcification the whole 
patella could easily be punched out from the 
surrounding non-cartilaginous connective tissue 
with an agar gel punch (inner diameter 1 mm). 
After solubilization in Lumasolve (Lumac, 
Basle), 3 5 S radioactivity of the patellar cartilage 
was counted in a liquid scintillation spectro­
meter. 
Decrease in 3 5 S content of arthritic cartilage 
was calculated from the values of the arthritic 
joint and the contralateral saline-injected 
control joint of the same animal and expressed 
as follows: 
Λ
 3 5 S value of the arthrit ic cartilage\ inno/ 
\ 3 5 S value of the control cartilage / 
Punching of the whole patella approved to be 
a reliable method to compare chondrocyte 
function in left and right knee joints (van den 
Berg, manuscript in preparation). I n normal 
mice no difference was found between the 3 5 S 
content of left and right patellae (% decrease 
for the right p a t e l l a = - l % ; s.d. = 12%). 
The 3 5 S content was reduced to less than 10% of 
normal values when incubations were performed 
in the presence of 0·1 т м cycloheximide. 
RESULTS 
Histology of zymoaan-induced and antigen-
induced arthritis 
Histological data on zymosan-induced 
and mBSA-induced joint inflammation 
are presented in Table 1. The initial phase 
(Days 1-4) of both types of inflammation 
was characterized by cell-rich (predomi­
nantly polymorphonuclear cells) exudate 
in the joint space, infiltration of synovial 
tissue and hyperplasia of synovial lining 
cells. Later on (Days 7-28), the mBSA-
induced inflammation differed from zymo­
san-induced arthritis, in the former, the 
severity and duration of inflammation and 
the presence of lymphoid infiltrates and 
local fibroblast proliferation were more 
pronounced. 
Table I also shows the effect of these 
types of joint inflammation on articular 
cartilage. Induction of arthritis with both 
zymosan and mBSA produced a distinct 
change in the cartilage proteoglycan 
content, as indicated by loss of Alcian 
Blue staining. The mBSA-induced arthritis 
showed reduced proteoglycan staining for 
the whole period studied, whereas with 
zymosan-induced arthritis only a transient 
decrease of the proteoglycan content was 
seen. 
Effect of arthritis on cartilage proteoglycan 
synthesis 
The 3SS-Iabelling of proteoglycans of 
arthritic cartilage of the right knee was 
scored semiquantitatively in relation to 
the contralateral control joint of the same 
mouse on autoradiographs of whole-joint 
sections. As shown in Fig. 1, patellar 
cartilage from an inflamed joint, obtained 
1 day after intra-articular injection of 
mBSA, already showed a markedly de­
creased 3 5S content as compared to carti­
lage from the paired saline-injected joint. 
Data on the 3 5S content of patellar carti-
TABLE I.—Histology of zymosan-induced and antigen-induced arthritis. 
Score of histological parameters* 
days after induction of arthritis 
Histological 
parameter 
Exudate in joint space 
Infiltrate in synovium 
Loss of cartilage 
Alcian-blue staining 
Inflammatory 
agent 
Zymosan 
mBSA 
Zymosan 
mBSA 
Zymosan 
mBSA 
e 
1 
3 ot 
3 0 
0 0 
2 0 
1 0 
1 0 
2 
3 0 
2-8 
1 0 
2-3 
0-9 
I S 
4 
2-1 
3 0 
2 0 
3 0 
1 7 
2 4 
7 
0-2 
1 3 
0-8 
3 0 
1-7 
2-4 
14 
0 2 
1 0 
0 6 
1-9 
0 
2 8 
28 
n.d.t 
0-6 
n.d. 
0-6 
n.d. 
1-8 
* Graded on a scale from 0 to 3 as mentioned in Materials and Methods 
t Each value represents the mean calculated from groups of 5 mice 
% n.d =not done. 
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F I G . 1.—Autoradiographs of patellar cartilage from a mouse with unilateral antigen-induced arthritis, 
2 цСі 3 5 S-sulphate per g body wt was administered i.V. 6 h before killing. A—control left knee joint 
1 day after mtra-articular injection of saline. В—inflamed r ight knee joint 1 day after intra­
articular injection of 100 μg mBSA. Note the presence of e x u d a t e cells m the joint space (JS) a n d 
the markedly decreased 3 5S-labelling of the patellar cartilage (P) of the inflamed joint. ( X 130). 
lage at various days after arthritis in­
duction with mBSA or zymosan are given 
in Fig. 2. The 35S-labelling of patellar 
cartilage was markedly decreased in the 
initial phase (Days 1-4) of both types of 
joint inflammation. Distinct reduction of 
3 5S-labelling lasted longer in the mBSA-
induced arthritis, which paralleled the 
longer duration of pronounced joint inflam­
mation in this type of arthritis (see also 
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Vio, 2.—Autoradiographio score of the de­
crease in 3 5 S content of patellar cartilage 
from arthrit ic та control joints a t various 
days after induction of unilateral arthrit is 
Щ Zymosan induced arthrit is . Π Antigen-
induced arthrit is . Labelling was scored in 
areas showing histologically intact chon­
drocytes, a n d bars represent the mean 
calculated from groups of б mice, which re­
ceived 2 /xCi 3 5H-sulphate per g body wt 
6 h before killing. 
injection normal labelling was seen around 
chondrocytes which had survived, but 
large areas of the patella were seen with­
out chondrocytes and accordingly without 
labelling (see below). 
Loss of chondrocytes 
Of interest was the disappearance of 
clear staining of chondrocyte nuclei in 
the superficial cartilage areas, probably 
indicating cell death. Loss of chondro­
cytes was especially found in the immune 
(mBSA) inflammation (see Fig. 3). Where­
as in patellar cartilage from mice with 
zymosan-in du eed arthritis some loss was 
found in the initial phase of inflammation, 
progressive loss of chondrocytes was only 
observed with persisting antigen-induced 
arthritis. This loss was predominantly 
found in the central part of the patella, 
3 + 
Й 2 
days after arthritis induction 
F I G . 3.—Loss of chondrocytes in patellar 
cartilage a t various days after induction 
of arthrit is . • Zymosan-induced arthrit is . 
Π Antigen-induced arthrit is . Chondrocyte 
loss was graded on a scale from 0 to 3 as 
mentioned in Materials and Methods, and 
values represent the mean calculated from 
groups of 5 mice. Note the progressive loss 
of chondrocytes with continuing antigen-
induced arthrit is . 
* 
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Table I). In both zymosan-induced and 
mBSA-induced arthritis, a decline in the 
reduction of 35S-labelling of patellar carti­
lage was observed when joint inflam­
mation subsided. On Day 28 after mBSA 
F I G . 4.—Patel lar cartilage of a moune with 
antigen-induced arthrit is, 7 days after intra­
articular injection of 100 ^g mBSA. Note 
the absence of clear staining of chondro­
cyte nuclei (arrows) in the patellar cartil­
age (P) a n d some exudate cells in the joint 
space (JS). χ 104. 
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TABLE II.—In-vivo and in-vitro reduction of 35S-labdling of patellar cartilage, 1 day 
after arthritis induction 
Percentage decrease in 3 5 S content* 
Arthntis-mducing agent m vivo* m vitroi 
Zymosan 3 4 ± 7 § 41 + 8 
mBSA 45 + 12 38 ± 1 4 
* 50 μΟι 3 5 S sulpliate u a s ftdmmistered i.v. 6 h before killing. 
t Patellae were incubated for 3 h in R P M I containing 10 / i d 
3 5 Sbulphatc/ml . 
. „, , / . 3 5 S \alue of the arthri t ic eartilage\ 
t % decrease = I 1 — , . „ , -
r
-., τ—Î ¡-. в χ 100. 
+ / u
 \ 3 5 S \alue of the control cartilage / 
§ Each value represents the mean +b.d . calculated from groups 
of 5 mice. 
without nearby presence of pannus (see 
Fig. 4). On the other hand, metabolically 
active 3 5S-incorporating chondrocytes 
were seen in adjacent cartilage areas 
underneath pannus tissue. 
I n order to find out whether loss of 
chondrocytes was peculiar for immune 
arthritis or could be caused by the longer 
duration and severity of the inflamma­
tion, another series of mice were given a 
second intra-articular injection with 
zymosan 7 days after the first one. The 
inflammatory response was more severe 
and lasted longer than after a single intra­
articular injection and loss of Alcian Blue 
staining approximated values as found for 
antigen-induced arthritis. Reduction of 
35S-labelling of arthritic cartilage was 
more pronounced than after a single 
injection of zymosan, indicating a cor­
relation between the reduction of 3 5 S -
labelling and the severity of joint inflam­
mation, but 14 days after the second 
injection no loss of chondrocytes was 
found. 
Quantification of 35S-labelling of arthritic 
cartilage 
The in-vivo reduction of 35S-labelling 
of arthritic cartilage as seen in autoradio-
graphs was further substantiated by 
liquid scintillation counting of absolute 
amounts of 3 5 S in patellar cartilage from 
arthritic joints and saline-injected control 
joints. For comparison, patellae from 
arthritic joints and control joints were 
incubated in vitro with 3 5 S . Table I I 
shows decreased values for arthritic carti­
lage obtained 1 day after injection of 
either zymosan or mBSA. The similarity 
between the decrease in vivo and in vitro 
is notable. 
I n order to find out whether the de­
creased 35S-labelling of arthritic cartilage 
observed in vivo could be due to acceler­
ated breakdown of newly formed proteo­
glycan rather than inhibition of synthesis, 
the release of 3 5 S from the cartilage was 
measured in vitro. Normal and arthritic 
patellae labelled for 2 h in vivo were further 
incubated for 4 h in normal medium and 
in that time no increased loss of 3 5 S 
was found for the arthritic cartilage 
compared to the control cartilage. 
DISCUSSION 
Our data indicate that both antigen-
induced and zymosan-induced arthritis are 
associated with decreased in vivo labelling 
of patellar hyaline articular cartilage 
after i.v. administration of 3 5S-sulphate. 
The in vitro studies indicate t h a t this 
phenomenon is probably caused by in­
hibited synthesis of 35S-labelled proteo­
glycans by chondrocytes. Antigen-induced 
arthritis (AIA), but not zymosan-induced 
arthritis (ZIA), ultimately led to loss of 
a significant number of chondrocytes. 
Unexpectedly, chondrocyte loss was pre­
dominantly found in the central area of 
the patellar cartilage and was not related 
to the nearby presence of pannus. 
Studies in the past have revealed t h a t 
both human (Janis and Hamerman, 1969) 
and animal arthritis (Lowther and Gillard, 
1976; Lowther et al., 1978) are often 
associated with a decreased proteoglycan 
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content of articular cartilage This de-
crease has been thought to result from a 
breakdown of proteoglycans by lysosomal 
enzymes released from infiltrating 
leucocytes, synovial cells or chondrocytes 
(Dingle, 1979; Barret, 1975). Recently, 
in vitro studies (Carmichael et al., 1977; 
Lowther et al., 1978) have shown that 
synthesis of 35S-labelled proteoglycans 
was inhibited in cartilage slices from 
inflamed joints, which suggests that the 
decreased proteoglycan content of arth-
ritic cartilage is the result not only of 
increased proteoglycan breakdown but 
also of decreased synthesis by chondro-
cytes. The recent development of several 
models of mouse knee arthritis (Brackertz 
et al., 1977, Keystone et al., 1977) affords 
a possibility of doing in vivo studies, 
because only small amounts of radioactive 
material are required for systemic injec-
tion. The decreased 35S-labelling of arth-
ritic cartilage observed in vivo in our 
studies is consistent with inhibition of 
proteoglycan synthesis, with accelerated 
breakdown of newly formed proteoglycan, 
or both. At all events the contribution of 
newly formed proteoglycan to the carti-
lage proteoglycan content was diminished 
during inflammation. We also studied 
in vivo labelling 30 and 60 min after i.v. 
administration of 35S and with these 
short labelling periods, which probably 
exclude breakdown of newly synthesized 
35S-labelled proteoglycans, also a clear 
decrease in 35S content was observed for 
the arthritic cartilage (data not shown). 
Moreover, we did not find accelerated 
breakdown of newly synthesized proteo-
glycan from arthritic patellae labelled 
in vivo and further incubated in vitro. 
Therefore, inhibition of proteoglycan 
synthesis seems the most likely explana-
tion for the decreased 35S-labelling ob-
served in vivo. 
The mechanism of decreased 35S incor-
poration in arthritic cartilage is unknown. 
In-vitro studies have indicated that many 
substances can interfere with chondrocyte 
function, including hyaluronic acid, 
oligosaccharides derived from it, lympho-
kines, prostaglandins, and humoral factors 
from synovial tissue (Handley and Low-
ther, 1976; Jubb and Fell, 1980), which 
were all shown to inhibit in-vitro pro-
teoglycan synthesis by articular chondro-
cytes. Our data on antigen-induced 
arthritis (AIA) and zymosan-induced 
arthritis (ZIA)—the early phase of the 
latter should be considered a non-immune 
type of inflammation—suggest that both 
immune and non-immune inflammations 
are capable of reducing in-vivo 35S in-
corporation by articular chondrocytes. 
Of particular interest is the observation 
that joint inflammation was associated 
with considerable loss of chondrocytes. 
In this respect we found differences be-
tween AIA and ZIA. A progressive loss 
of chondrocytes was seen with persisting 
AIA. Since autoradiographs revealed no 
activity over these empty areas and 
observations 2 to 3 months after induction 
of arthritis revealed essentially similar 
histological pictures of patellar cartilage 
with distinct areas without any chondro-
cytes, this observation was taken to 
indicate chondrocyte death. Loss of chon-
drocytes was not caused by a direct toxic 
effect of the arthritis-inducing agent 
mBSA, because injection of mBSA in 
non-immunized animals does not induce 
cither inflammation or chondrocyte death 
(unpublished observations). Recent studies 
have dealt with ultrastructural changes 
in chondrocytes in AIA. Even in the very 
early phase (after 90 min), chondrocyte 
damage was found (Ohno, Tateishi and 
Cooke, 1978) and chondrocytes in various 
phases of degeneration and death were 
consistently found at later stages of AIA 
(Ohno et al., 1978; Sandy, Lowther and 
Brown, 1980). These authors found chon-
drocyte death especially in the superficial 
layers of cartilage, a trend we have also 
noted in our studies. Sandy et al. (1980) 
reported a predominant chondrocyte 
function inhibition and chondrocyte death 
in cartilage areas of stress. From our 
autoradiographs of serial sections of whole 
knee joints of arthritic mice, it became 
apparent that the metabolic activity of 
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chondrocytes differed considerably in 
different cartilage areas. A reproducible 
phenomenon so far as localization is 
concerned was the vulnerability of chon­
drocytes in the central patellar area. 
Although other factors may contribute 
to the phenomenon, an important fact 
may be that this area probably is a locus 
minoris resistentiae per se, since in control 
non-inflamed knee joints 35S-labelling in 
this area was often somewhat less than in 
the peripheral parts, and even some loss 
of chondrocytes was occasionally found 
in this area. Another interesting point 
emerging from our studies is t h a t in AIA 
extensive chondrocyte death is present 
quite distant to pannus tissue. Similar 
observations have recently been done 
in metatarsal-head cartilage from patients 
with rheumatoid arthritis and it would 
appear that chondrocyte death may occur 
in areas of cartilage which are structurally 
intact apart from loss of metachromasia 
(personal communication, Dr D. G. Palmer 
University of Otago, Dunedin, New 
Zealand). 
Our data indicate t h a t both immune 
and non-immune arthritis are associated 
with diminished contribution of newly 
formed proteoglycan to the cartilage pro­
teoglycan content, which seems mainly 
due to inhibition of synthesis. I n addition 
to enzymatic breakdown, inhibited syn­
thesis seems to be an important cause 
of the decreased proteoglycan content of 
arthritic cartilage and adds to the vulner­
ability of arthritic cartilage to bio-
mechanical forces. However, temporary 
reduction of the contribution of newly 
formed proteoglycan with concomitant 
proteoglycan depletion may not be so 
serious. When the suppressive effect 
disappears with subsiding inflammation, 
the cartilage matrix can be restored as 
shown in the later phase of ZIA (Table I) . 
The situation becomes more serious when 
the inflammatory process induces chondro­
cyte death. The association between AIA 
(but not ZIA) and chondrocyte death 
may be of relevance to the human situa­
tion. AIA is thought to be a good model for 
rheumatoid arthritis, a destructive type 
of human non-infective joint inflamma­
tion. Mediators of immune inflammation, 
e.g. lymphokines, have been shown to be 
present in both experimental antigen-
induced arthrit is and human rheumatoid 
arthritis, but not in other types of arth­
ritis (Stastny, Cooke and Ziff, 1973; 
Stastny et al., 1975) and presumably not 
in ZIA, and these mediators may contain 
factors highly toxic for chondrocytes. 
In vitro studies have recently suggested 
this possibility (Lewis el al., 1976). This 
would mean tha t , in addition to enzymatic 
breakdown of cartilage by mediators from 
pannus tissue, another mechanism is 
operative in cartilage destruction : chondro­
cyte killing by cytotoxic factors. Loss of 
chondrocytes leads to irreversible cartilage 
damage and can occur apparently un­
related, as suggested by our data, to 
pannus formation. 
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CHAPTER 6 
SIGNIFICANCE OF SEVERITY AND DURATION OF ANTIGEN-INDUCED ARTHRI-
TIS FOR CARTILAGE PROTEOGLYCAN SYNTHESIS AND CHONDROCYTE SURVIVAL 
IN MICE 
MWM KRUIJSEN, WB VAN DEN BERG, LBA VAN DE PUTTE 
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SUMMARY 
Joint inflammation has a suppressive effect on chondrocyte pro-
teoglycan synthesis and sometimes causes chondrocyte death. We 
investigated the impact of the severity and duration of inflam-
mation on these phenomena in antigen-induced joint inflammation 
in C57B1 mice. Arthritis of varying degrees of severity was eli-
cited in groups of immunized mice by injecting various doses of 
methylated bovine serum albumin into the right knee-joints. Joint 
inflammation was quantitated by 99m-|-c_pertechnetate uptake in 
the knees at day 2, 7, 14 and 28 after arthritis induction. Chon-
drocyte proteoglycan synthesis was measured by incorporation of 
35s-sulphate in patellar cartilage. Chondrocyte death was scored 
histologically. There was a significant correlation between the 
severity of inflammation and the inhibition of proteoglycan syn-
thesis, with even minor inflammation causing considerable in-
hibition. Scores for chondrocyte death at day 28 correlated sig-
nificantly with previous inflammation measurements for all days 
tested, the correlation becoming better with persistence of ar-
thritis. Chondrocyte death occurred rarely in minor inflammation. 
The deleterious effect of antigen-induced arthritis depends on 
both severity and duration of arthritis 
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INTRODUCTION 
Rheumatoid joint inflammation is characterized by a protracted 
or chronic course and by a fluctuating severity of joint inflam-
mation. The outcome of the process often is irreversible joint 
damage, but the pathogenetic mechanisms remain largely unknown. 
Until now most attention has been focused on the presumed en-
zymatic breakdown of cartilage (11), although data have been 
shown, suggesting that this mechanism probably is of limited 
significance in vivo (10). Recent studies have indicated that as 
far as cartilage is concerned, another mechanism might be impor-
tant. Using antigen-induced arthritis as an experimental model 
for human rheumatoid arthritis, several laboratories, including 
our own, have shown that joint inflammation profoundly influences 
articular chondrocytes (2,27). It was found that this type of 
joint inflammation is capable of suppressing proteoglycan synthe-
sis and even of killing chondrocytes. 
The present report is concerned with the question, whether seve-
rity and duration of joint inflammation are determinants for the 
deleterious effect on chondrocytes of an antigen-induced arthri-
tis in mice. These studies were technically possible since we 
recently developed reproducible and sensitive methods to quanti-
tate mouse knee-joint inflammation (15) and chondrocyte proteo-
glycan synthesi s ( 3 ) . 
MATERIALS AND METHODS 
Animals and induction of arthritis. Male C57B1 mice were immu-
nized as described previously (2) by repeated injection with 
methylated bovine serum albumin (mBSA, Sigma Chemical Company, 
St. Louis, Missouri, USA) emulsified in Freund's complete adju-
vant (Difco Laboratories, Detroit, Michigan, U S A ) . Bordetella 
pertussis (National Institute of Public Health, Bilthoven, The 
Netherlands) was administered i.p. as an additional adjuvant. 
After 21 days arthritis was induced by injection of mBSA in sa-
line into the right knee-joint. For variation of the severity 
of inflammation different doses of antigen were used. 0.6, 6 or 
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60 yg mBSA in 6 μΐ saline was given intra-articularly in several 
groups of mice. The left knee-joints were injected with 6 μΐ sa­
line. 
S9mTo uptake measurement. Joint inflammation was registered by 
99mT C_p e rtechnetate {WmTc) uptake measurements of the knee-joints. 
This method has been described in detail elsewhere (15). Briefly, 
10 yCi 9 9 m j
c
 i
n
 o
s
2 ml saline was injected intraperitoneally 
(i.p.) and 20 minutes later gamma-radiation over the knee-joints 
was measured with a scintillation crystal. The animals were se­
dated 10 minutes before the measurement by i.p. administration 
of 0.1 ml of 4,5% chloral hydrate per 10 g body weight. In order 
to hold the knee at each registration at the same distance from 
and in the same position in relation to the scintillation crystal 
a specially designed device was used. At each ^^mJc uptake mea­
surement both knee-joints were counted three times during 30 
seconds, alternating the right knee and the left knee. Arthritis 
was scored as the ratio of the 9 9 m T c uptake in the right versus 
that in the left knee-joint (R/L ratio of 99ттс uptake). R/L 
ratio's of more than 1.10 were taken to indicate inflammation 
of the right knee. In a control experiment the injection of both 
knee-joints with saline never showed R/L ratio's of 9 9 n iTc uptake 
exceeding 1.10. 
3°S incorporation in patellar cartilage. The method used has been 
described recently (2,3). In brief, patellae from arthritic joints 
and from control joints were carefully removed from the knee-
joints leaving the cartilage surrounded by a minimal area of non-
cartilaginous connective tissue, and placed in 5 ml incubation 
medium, consisting of RPMI-Hepes and RPMI HCO3 (1:1) (Flow Labo­
ratories, Irvine, Scotland) with added penicillin (100 U / m l ) , 
streptomycin (100 yg/ml) and L-glutamine (2mM). After preincu­
bation at 37 0C in a 5% CO2 atmosphere for 45 min, the patellae 
were transferred to Flow plastic incubation vials (2 ml) contain­
ing 0,5 ml RPMI and 5 цСі 3 5S-sulphate (Radiochemical Centre, 
Amersham, England) and incubation was continued for 3 h. At the 
end of the incubation period the patellae were washed three times 
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with 10 ml saline, fixed overnight in 0,5% cetylperi di niumchlo-
ride in 4% phosphate-buffered formalin, and decalcified in 5% 
formid acid for 1 day to enable proper dissection of the patella. 
After decalcification the whole patellae could easily be punched 
out from the surrounding connective tissue. After solubilization 
in 1 ml Lumasolve containing quaternary ammonium hydroxide (Lumac 
Basle, Switzerland), the ^5$ radioactivity of the patellar car­
tilage was counted in a liquid scintillation spectrometer. The 
decrease in 35s content of the right knee-joint was expressed 
as a percentage of the ^^S content of the left knee-joint of the 
same animal and calculated as follows: 
35$ content of right patellar cartilage' ( •,J:> content ot right patellar cartilagev 
35s content of left patellar cartilage / 
00« 
Mice were selected for weight and age at the beginning of the ex­
periment to minimize variability in the absolute 35$ incorpora­
tion values ( 3 ) . 
Histology, grading of -inflammation and of cartilage damage. Mice 
of several groups, that received different doses of antigen in-
tra-articuiarly were sacrificed by ether anaesthesia on day 28 
after arthritis induction. The knee-joints were removed in toto 
and processed for histology ( 2 ) . Serial sections (6 μ) were made 
of whole joints in a standardized frontal plane , which included 
patella, femur and tibia. Sections were stained with haematoxy-
lin and eosin and additional sections were stained with Alcian 
Blue (0.3M МдСІ2, pH 5 , 4 ) . Arthritis was scored by means of grad­
ing the infiltrate and the exudate. The extent of cellular infil­
tration of the synovial tissue was graded on a scale from 0 to 
3 according to the proportion of the tissue densely infiltrated 
with cells. The cellular exudate in the joint space was graded 
on a similar scale from 0 to 3. Loss of chondrocytes in patellar 
cartilage was graded from 0 to 3, depending on the portion of 
the cartilage without chondrocytes: 0 indicating no loss of chon­
drocytes, 3 indicating loss of all chondrocytes. Loss of staining 
of the cartilage with Alcian Blue, which reflects a decreased 
proteoglycan content (22), was scored in comparison to the con­
tralateral contrai joint of the same animal and graded on the 
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following scale: 0 — similar staining, 1 — slightly decreased, 
2 — definitely decreased, 3 — severely decreased. The final 
score for each animal was the mean of the estimation of 4 sections 
in a standardized area of the joint. 
RESULTS 
Inflammation and cartilage proteoglycan synthesis. To i n v e s t i g a t e 
the i n f l u e n c e o f s e v e r i t y o f j o i n t i n f l a m m a t i o n on c h o n d r o c y t e 
p r o t e o g l y c a n s y n t h e s i s we q u a n t i t a t e d 3 ^S i n c o r p o r a t i o n i n pa­
t e l l a r c a r t i l a g e i m m e d i a t e l y a f t e r assessment of a r t h r i t i s by 
9 9 n i T c uptake i n the k n e e - j o i n t s . D i f f e r e n t doses of a n t i g e n were 
a d m i n i s t e r e d i . a . t o induce j o i n t i n f l a m m a t i o n of d i f f e r e n t de­
grees o f s e v e r i t y . Measurements o f s e v e r i t y o f i n f l a m m a t i o n and 
o f c h o n d r o c y t e p r o t e o g l y c a n s y n t h e s i s on day 2 a f t e r a r t h r i t i s 
i n d u c t i o n are shown i n t a b l e I . C l e a r s u p p r e s s i o n of c h o n d r o c y t e 
p r o t e o g l y c a n s y n t h e s i s o c c u r r e d . In a l l dose groups t h e 35s con­
t e n t o f the p a t e l l a r c a r t i l a g e was s i g n i f i c a n t l y l e s s (p < 0 . 0 0 1 , 
two t a i l e d p a i r e d t - t e s t ) i n the r i g h t a r t h r i t i c knee as compared 
w i t h the s a l i n e i n j e c t e d knee. F i g u r e 1 shows the r e l a t i o n s h i p 
between s e v e r i t y o f i n f l a m m a t i o n and i n h i b i t i o n o f c h o n d r o c y t e 
f u n c t i o n f o r i n d i v i d u a l m i c e . A s i g n i f i c a n t c o r r e l a t i o n was found 
Table I . 35s i n c o r p o r a t i o n in p a t e l l a r c a r t i l a g e o f l e f t and r i g h t k n e e - j o i n t 
a t day 2 a f t e r i n d u c t i o n o f a r t h r i t i s in the r i g h t k n e e . + 
Dose of i . a . R/L r a t i o o f 35s c o n t e n t 35s content Decrease o f 
a n t i g e n (pg) 99n»7c uptake l e f t p a t e l l a 0 r i g h t p a t e l l a 0 35s c o n t e n t * 
0.6 1.20 + 7 905 + 201» 384 + 90 5 6 + 1 4 
6 1 . 4 0 + 1 8 621» + 91 204 + 70 62 + 7 
60 1.59 + 26 701 + 111 201 + 7 1 69 + 13 
+ Values represent the mean + s . d . c a l c u l a t e d from groups o f a t l e a s t 5 mice. 
о Cpm in p a t e l l a r c a r t i l a g e a f t e r 3 hours i n c u b a t i o n w i t h 10 pCi/ml 3 5 s - s u i -
phate. 
* Decrease o f 35s c o n t e n t o f the r i g h t knee is c a l c u l a t e d as a percentage of 
35s c o n t e n t o f the l e f t knee o f the same a n i m a l . 
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% decrease of 3 5S content 
• * 
* • 
• 
• 
1.20 1.40 1.60 
R/L ratio of Tc uptake 
Figure 1. R/L r a t i o of •'-'mTc uptake and percentual decrease o f 35$ i n c o r p o r a ­
t i o n in a r t h r i t i c c a r t i l a g e o f i n d i v i d u a l mice on day 2 a f t e r a r t h r i t i s i n ­
d u c t i o n . A r t h r i t i s was e l i c i t e d w i t h d i f f e r e n t doses o f a n t i g e n in the r i g h t 
knee ( · = 0.6 p g , A = 6 p g , ) f = 60 pg mBSA) 
(n = 17, r = 0 . 5 3 , ρ < 0 . 0 5 ) . Of i n t e r e s t i s the c l e a r i n h i b i t i o n 
o f c h o n d r o c y t e f u n c t i o n even i n the l o w e s t dose g r o u p , which show­
ed l e s s i n f l a m m a t i o n ( f i g u r e 1 ) . We f u r t h e r examined the e f f e c t 
o f t h i s low dose o f i . a . a n t i g e n on day 1 a f t e r a r t h r i t i s i n d u c ­
t i o n . At t h a t t i m e a l s o c l e a r i n h i b i t i o n o f p r o t e o g l y c a n s y n t h e ­
s i s was found w i t h a mean decrease o f ^^S i n c o r p o r a t i o n o f 38% 
( s . d . + 13%). A s i g n i f i c a n t c o r r e l a t i o n was found between seve­
r i t y o f i n f l a m m a t i o n and i n h i b i t i o n o f c h o n d r o c y t e f u n c t i o n (n = 
1 4 , r = 0 . 7 2 , ρ < 0 . 0 2 ) ( f i g u r e 2 ) . To i n v e s t i g a t e whether t h e 
i n h i b i t i o n was r e a l l y due t o the i n f l a m m a t i o n and n o t t o a t o x i c 
e f f e c t o f t h e i n j e c t e d a n t i g e n , 6 yg mBSA was i n j e c t e d i n t o the 
r i g h t knee o f non-immunized m i c e . T h i s dose o f a n t i g e n d i d n o t i n -
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Figure 2. R/L r a t i o o f 99п>т
с
 uptake and percentual decrease o f S i n c o r p o r a ­
t i o n in a r t h r i t i c c a r t i l a g e o f i n d i v i d u a l mice on day 1 a f t e r a r t h r i t i s i n ­
d u c t i o n w i t h 0.6 μς mBSA in the r i g h t knee. 
duce inflammation and we found a mean decrease of 3 5 S incorpora­
t i o n of -8% ( s . d . + 20%)in t h i s group of mice. In a d d i t i o n we i n ­
vest igated whether the mere trauma of i n t r a - a r t i c u l a r i n j e c t i o n 
i n immunized animals causes suppression of " s i n c o r p o r a t i o n . 
Therefore 6 μΐ sa l ine was i n j e c t e d in the r i g h t knee of immunized 
mice. No inf lammation occurred and the mean decrease of " S i n ­
corporat ion was +2% ( s . d . + 4%). 
Chronic inflammation and injury to ahondvooytes and aartilage. 
To i n v e s t i g a t e the meaning of s e v e r i t y and durat ion of j o i n t in­
flammation f o r the a r t i c u l a r c a r t i l a g e and the s u r v i v a l of chon­
drocytes we did a fo l low-up of a r t h r i t i s by sequential external 
measurements of the 99m Tc uptake of the knee-joints. The damage 
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R/L ratio of Tc uptake 
• — ι 1 1 II f— 
2 7 14 28 
days after arthritis induction 
Figure 3. Sequential "-""Tc uptake measurements a t var ious days a f t e r a r t h r i ­
t i s i n d u c t i o n . A r t h r i t i s was e l i c i t e d w i t h d i f f e r e n t doses o f a n t i g e n in the 
r i g h t knee ( · = 0.6 y g , A = 6 p g , Ά· • 60 ]ig mBSA). Each value represents 
the mean +^ s . d . c a l c u l a t e d from groups of a t l e a s t 6 mice. 
t o c a r t i l a g e was s c o r e d h i s t o l o g i c a l l y on day 28 a f t e r a r t h r i t i s 
i n d u c t i o n . J o i n t i n f l a m m a t i o n , as e l i c i t e d by d i f f e r e n t doses o f 
mBSA i n s e v e r a l groups o f m i c e , decreased g r a d u a l l y w i t h t i m e 
( f i g u r e 3 ) . The dose o f 60 \ig mBSA i n t r a - a r t i c u l a r l y caused the 
s e v e r e s t i n f l a m m a t i o n a t day 2 , and c o n t i n u e d t o show s i g n i f i ­
c a n t l y more i n f l a m m a t i o n i n the c h r o n i c phase. H i s t o l o g i c a l l y a r ­
t h r i t i s was s c o r e d a t day 28 by g r a d i n g t h e i n f i l t r a t e i n t h e 
synovium and t h e exudate i n the j o i n t space ( f i g u r e 4 ) . Tc 
uptake measurements and h i s t o l o g i c a l s c o r i n g o f a r t h r i t i s gave 
c o n c o r d a n t r e s u l t s , t h e R/L r a t i o o f ^ 9 m T c uptake on day 28 c o r ­
r e l a t i n g s i g n i f i c a n t l y w i t h the score f o r i n f i l t r a t e (n = 2 1 , 
r = 0 . 7 0 , ρ < 0 . 0 0 1 ) and f o r exudate (n = 2 1 , r = 0 . 7 6 , ρ < 0 . 0 0 1 ) . 
Damage t o c h o n d r o c y t e s and t o c a r t i l a g e was s c o r e d h i s t o l o g i c a l l y . 
P a r t s o f the c a r t i l a g e showed t o have l o s t t h e i r c h o n d r o c y t e s 
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Figure 4. H i s t o l o g i c score o f i n ­
f lammation on day 28 a f t e r induc­
t i o n o f a r t h r i t i s . The e x t e n t o f 
i n f i l t r a t i o n (a) and o f exudat ion 
(b) are graded on a s c a l e from 0 
to 3 as mentioned in M a t e r i a l s and 
Methods. A r t h r i t i s was e l i c i t e d 
w i t h d i f f e r e n t doses o f a n t i g e n 
( · = 0.6 p g , A = 6 p g , • = 60 pg 
mBSA) 
Figure 5. H i s t o l o g i c score of c a r ­
t i l a g e damage on day 28 a f t e r i n ­
d u c t i o n o f a r t h r i t i s . Occurrence 
o f chondrocyte death (a) and loss 
o f A l c i a n Blue s t a i n i n g (b) o f the 
c a r t i l a g e are graded on a scale 
from 0 t o 3 as mentioned in Mate­
r i a l s and Methods. A r t h r i t i s was 
e l i c i t e d w i t h d i f f e r e n t doses o f 
a n t i g e n ( · = 0.6 p g , A = 6 p g , 
•k = 60 ]ig mBSA) 
p a r t l y or completely. Scores f o r t h i s parameter are shown in f i ­
gure 5a. In areas w i t h chondrocyte death the height of the c a r t i ­
lage of ten appeared to be decreased. Another i n d i c a t o r of c a r t i ­
lage damage is the loss of s t a i n i n g wi th Alc ian Blue, which r e ­
f l e c t s the decreased proteoglycan content of the c a r t i l a g e . Scores 
f o r loss of A lc ian Blue s t a i n i n g are shown i n f i g u r e 5b. Both pa­
rameters f o r the damage to c a r t i l a g e proved to be s i g n i f i c a n t l y 
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correlated with the severity of inflammation whether it was as-
sessed with 9 9 m T c uptake measurement on day 28 or histologically 
by scoring the infiltrate and exudate (table I I ) . 
The following data suggest that not only the initial severity of 
inflammation determines the damage to the cartilage, but that 
also the persistence of inflammation is important in this respect, 
The correlation of severity of inflammation, as measured by " n 1 T c 
uptake, with the resulting chondrocyte death on day 28 became 
better with time, the correlation coefficients for day 2, day 7 
and day 14 being 0.67, 0.74 and 0.84 respectively. In addition 
Table II. Correlation coefficients of the parameters for severity of inflam-
mation with the parameters for damage to cartilage in the knee-joint at day 
28 after arthritis induction in mice (n = 21). 
chondrocyte 
death 
loss of cart i lage 
Ale ian Bluè sta¡ni ng 
R/L ratio of " " Y e uptake 
exudate in joint cavity 
infiltrate in synovium 
0.77 ** 
0.90 ** 
0.85 ** 
0.61 * 
0.85 ** 
0.89 ** 
* ρ < 0.01, ** ρ < 0.001 
Table III. Classification of mice after histological score for chondrocyte 
death on day 28 and severity of previous inflammation. 
R/L ratio of 99mj
c U p t a k e 
on day 2 on day ΙΊ 
NUMBER OF MICE 
score for chondrocyte death 
< 1 > 1 
< 1 .50 
> 1.50 
< 1.50 
> 1.50 
< 1.15 
< 1.15 
> 1.15 
> 1.15 
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it was found that mice with severe initial inflammation (R/L ra-
tio of 9 9 n 1Tc uptake > 1.50) at day 2 and additionally persistence 
of inflammation (R/L ratio of 9 9 m T c uptake > 1.15) at day 14 
showed extensive chondrocyte death (score > 1 ) . Mice with severe 
initial inflammation at day 2, but without persistence of inflam-
mation at day 14 showed limited chondrocyte death (score < 1) 
(table III). Extensive loss of chondrocytes and of proteoglycans 
from the cartilage was found in association with persistence of 
infiltration and of the exudate on day 28. In the animals in 
which the inflammation had extinguished at day 28 the damage to 
the cartilage was slight. This is reflected by the high correla-
tion coefficient between the histologic scores for inflammation 
and for damage to cartilage (table I I ) . 
DISCUSSION 
Our data indicate that in antigen-induced arthritis chondrocyte 
proteoglycan synthesis is inhibited and that, at least in the 
initial phase of arthritis, this inhibition is significantly cor-
related with the severity of joint inflammation. Interestingly, 
even minor inflammation appears to induce considerable inhibition. 
These results were obtained using sensitive methods to quantitate 
inflammation and chondrocyte function. Irreversible cartilage 
damage in terms of chondrocyte death was observed mainly after 
severe and persistent inflammation. 
The severity of antigen-induced arthritis in mice appears to de-
pend on the dose of i.a. antigen, both in the initial and chronic 
phase (table I and figure 3 ) . In our experience 60 pg mBSA i.a. 
usually induces severe inflammation and 0.6 pg mBSA causes mild 
inflammation, whereas with 6 pg the response is variable. Pro-
bably the dose dependency of antigen induced arthritis follows 
a sigmoidal curve, which will shift dependent on the degree of 
delayed hypersensitivity (26). Thus small differences in delayed 
type hypersensitivity, which will occur after identical immuni-
zation protocols, may profoundly influence the severity of in-
f1ammati on. 
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Mediators involved in the suppression of chondrocyte proteoglycan 
synthesis during joint inflammation may be several. In vitro stu-
dies have indicated the suppressive effect of lymphokines ( 1 2 ) , 
prostaglandins (5,18) and humoral factors from synovial tissue 
(13). These factors are derived from inflammatory cells and sy-
novial cells that have been shown to be present in increased 
numbers in antigen-induced arthritis in mice at least during 28 
days after induction of arthritis with 100 yg mBSA i.a. (16). 
Moreover, data of the present study indicate that the extent of 
the inflammatory infiltrate correlates significantly with seve-
rity of inflammation in the chronic phase. In addition the local 
oxygen tension, which has been shown to be decreased in inflamed 
joints ( 6 ) , may have a modulating effect on chondrocyte proteo-
glycan synthesis (20). Since nutrients reach the chondrocytes 
via the synovial fluid, nutrient supply for chondrocytes may be 
modulated or interfered with by the exudate in the cavity of the 
inflamed joint. 
Except for prostaglandins (5) the inhibitory effect on proteogly-
can synthesis of the abovementioned mediators has been reported 
to be reversible in as much that the synthetic activity of chon-
drocytes could be restored when cartilage, after mediate exposure, 
was placed in normal tissue-culture medium. Previous data from 
our laboratory have indicated recovery of chondrocyte synthetic 
function in vivo, when Zymosan-induced arthritis, a non-immune 
type of joint inflammation, has ceased (2). The data of the 
present study point to a similar course in mild immune·inflamma-
tion, since, while proteoglycan synthesis was considerably inhi-
bited in the initial phase of inflammation (table 1, figure 2 ) , 
almost normal cartilage proteoglycan content, as indicated by 
Alcian Blue staining, was found on day 28 (figure 5 b ) . Apparently 
with subsidence of joint inflammation the recovered chondrocytes 
restore the proteoglycan content of the surrounding cartilage. 
In severe and persistent inflammation the restitution of proteo-
glycan content will in addition be hampered by the occurrence of 
chondrocyte death. 
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For the occurrence of chondrocyte death several factors may be 
of concern. In the intact matrix chondrocytes lie rather protect-
ed against environmental stimuli, but ultrastructural studies 
have indicated that disruption of the matrix already occurs with-
in a few hours after arthritis induction ( 2 5 ) . Toxic effects on 
chondrocytes may be exerted by lymphotoxin (17), cross reacting 
antibodies (8) or, possibly, superoxides ( 1 9 ) . The penetrance of 
the latter, which are small molecules, may be an early feature, 
but their role will depend on the presence of scavengers of su-
peroxide radicals, e.g. the superoxide dismutases (21). The im-
portance of high molecular weight mediators may increase with 
time, since due to proteoglycan depletion the matrix will become 
more penetrable. Our data indicate that the combination of se-
verity and persistence of arthritis determines the extent of chon-
drocyte killing and discourage the view that chondrocyte death 
is only induced in the initial severe stage of arthritis. 
Sandy (27) reported predominant chondrocyte death in cartilage 
areas under biomechanical stress. Nutritional factors and oxygen 
tension may be other determinants in the localization pattern of 
chondrocyte death. We found no even distribution of chondrocyte 
death over the whole surface of the patellar cartilage. Semi-
serial sections showed predominant chondrocyte death in the cen-
tral upper part of the patella. Whether local retention of anti-
gen in the form of immune complexes in the superficial layers of 
the cartilage (4) may contribute to local damage, e.g. by com-
plement activation, remains a moot point. 
If we consider antigen-induced arthritis a relevant model for 
the pathogenesis of rheumatoid joint inflammation, as has been 
done (9,28), the present data may have practical significance for 
human arthritis. In this respect probably most important is the 
observation that even mild joint inflammation profoundly influen-
ces chondrocyte proteoglycan synthesis. If this holds true for 
the rheumatoid joint inflammation, it will be worth while to 
treat attentive even joint inflammation of mild degree, because 
proteoglycan depletion makes articular cartilage more vulnerable 
to biomechanical forces. In addition to proteoglycan synthesis 
other aspects of chondrocyte function may be affected by inflam-
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mation resulting in a more general functional impairment (27). 
In these circumstances a highly characteristic feature of hyaline 
cartilage, i.e. resistance to ingrowth of vascular tissue, may be 
interfered with, thus allowing ingrowth of so-called pannus tis-
sue. Impairment of chondrocytes and chondrocyte killing as im-
portant mechanisms in cartilage destruction have not, until now, 
received much attention. Ultrastructural studies have indicated 
severe chondrocyte damage (14,23,24) and histological pictures, 
suggesting the occurrence of chondrocyte death in human arthritic 
cartilage, have been published (1,7). The toxic effect of inflam-
mation on chondrocytes as a pathogenetic factor for cartilage 
destruction in the rheumatoid joint needs further investigation. 
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INTRODUCTION 
Mechanisms operative in cartilage destruction in human chronic 
joint inflammation, of which rheumatoid arthritis (RA) is the 
prototype, are largely unknown. Morphology suggests that proli-
ferative connective tissue in the form of pannus is an important 
principle, although cartilage destruction without the apparent 
nearby presence of pannus can also be observed (1,11,23). In the 
past years, circumstantial evidence obtained from in-vitro work 
and from morphological studies has focused attention on degrada-
tive enzymes as important mediators of cartilage destruction in 
chronic inflammation (15,21). These enzymes, collagenases and 
proteoglycanases, are thought to be produced by inflammatory and 
connective tissue cells, present in the chronically inflamed 
joint (21), although their role in vivo has been questioned by 
others in view of the large amount of enzyme inhibitors in the 
inflamed joint ( 1 3 ) . Indeed, it has been advocated that chrondro-
cytes themselves can mediate cartilage destruction (5) and pro-
bably do so in chronic inflammatory processes under the influence 
of mononuclear cell derived factors (18,36). Only recently has 
attention been paid to possible alterations in chondrocyte func-
tion and structural integrity induced by the inflammatory joint 
process as factors operative in cartilage destruction. These data 
have largely come from studies on experimental arthritis and in-
vitro cartilage culture systems. In this paper we review some of 
these data, from our own and other laboratories, and discuss 
their possible relevance to cartilage damage in human chronic 
arthri ti s 
DATA OBTAINED FROM EXPERIMENTAL ARTHRITIS 
Studies on the influence of joint inflammation on chondrocytes 
have used several forms of experimental arthritis and various 
techniques to study chondrocyte morphology and function. 
Morphological studies have been done using light-microscopic and 
ultrastructural techniques. Chondrocyte function has been assayed 
by studying the fate of radiolabelled precursors, namely 35$-
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sulphate, both in in-vivo and in-vitro experiments. 
Antigen induced arthritis (AIA), accepted as a suitable experi­
mental model for RA both in rabbits (6,12,35) and mice ( 3 ) , has 
been used to study the effect of immune inflammation. Autoradio­
graphy of cartilage sections labelled with 3 5 s -
s u
] p h a t e showed 
markedly decreased labelling of sectionsobtained from arthritic 
knee-joints in the early, acute phase of AIA, both in rabbits 
(32) and in mice ( 2 ) . Control studies indicated that the de­
creased labelling was largely due to decreased proteoglycan syn­
thesis by chondrocytes ( 2 ) . In a series of elegant experiments 
Sandy and co-workers (32) showed that decreased biosynthesis is 
consistent with general impairment of chondrocyte function rather 
than inhibition of a specific enzyme or pathway of proteoglycan 
synthesis. Inhibition of proteoglycan synthesis was predominantly 
found in weight bearing areas, superficial layers and the central 
part of the patella ( 2 , 3 2 ) , suggesting a role of biomechanical 
and nutritional factors in the lesion. Another factor of import­
ance may be the degree of inflammation, since in the acute phase 
of AIA 365.juiphate incorporation inhibition was proportional 
to the degree of joint inflammation (22). Data on the reversi­
bility of changes in chondrocyte function are disparate. Inhibi­
tion of glycosaminoglycan synthesis could not be reversed by 
maintenance of the cartilage in organ culture for as long as 6 
days (32). On the other hand, the inhibition is apparently re­
versible in vivo, since recovery of synthetic function was seen 
in surviving chondrocytes after inflammation had ceased (2, 
2 2 , 3 2 ) . Morphological studies have shown two types of chondro­
cyte lesions. Histological studies show empty lacunae ( 2 , 3 2 ) , 
as illustrated in figure 1, suggesting complete degeneration. 
Ultrastructural studies have indeed confirmed this (29,32). A 
second alteration in mid-zone chondrocytes consisted of accumu­
lation of intracytoplasmi с filaments and depletion in biosyn-
thetic organelles (2 9 , 3 2 ) . Chondrocyte death, of course, is ir­
reversible and therefore of paramount importance in the patho­
genesis of cartilage destruction. Studies comparing AIA with 
Zymosan-induced arthritis, have shown that significant chondro­
cyte death is found only in AIA ( 2 ) . This suggests that some 
78 
• * 
JC * 
• ι 
Figure 1. Sect ion o f the p a t e l l a (Ρ) from an a r t h r i t i c mouse k n e e - j o i n t on 
day 28 a f t e r e l i c i t a t i o n o f ant igen-induced a r t h r i t i s . The c a r t i l a g e (C) 
shows numerous empty lacunae, i n d i c a t i n g chondrocyte death. Note a lso the 
exudate c e l l s in the j o i n t c a v i t y (JC) . (ΊΟΟ χ ) . 
f a c t o r s a s s o c i a t e d w i t h the immune i n f l a m m a t i o n cause c h o n d r o ­
c y t e d e a t h . W i t h i n the model of AIA i t s e l f i t was shown t h a t 
b o t h s e v e r i t y o f a r t h r i t i s and i t s d u r a t i o n are d e t e r m i n a n t s o f 
the e x t e n t o f c h o n d r o c y t e k i l l i n g ( 2 2 ) . F a c t o r s r e s p o n s i b l e 
f o r c h o n d r o c y t e f u n c t i o n m o d u l a t i o n in vivo are unknown, but 
may be any one o f the f o l l o w i n g found t o i n f l u e n c e c h o n d r o c y t e s 
in vitro. 
IN VITRO DATA: MEDIATORS MODULATING CHONDROCYTE FUNCTION 
Recent i n - v i t r o work has suggested f a c t o r s p o s s i b l y o p e r a t i v e 
i n the s u p p r e s s i v e e f f e c t o f i n f l a m m a t i o n on c h o n d r o c y t e p r o t e o ­
g l y c a n s y n t h e s i s . Of i n t e r e s t i s the d e m o n s t r a t i o n t h a t lympho-
k i n e s are capable of s u p p r e s s i n g p r o t e o g l y c a n s y n t h e s i s . T h i s 
e f f e c t was shown both i n h i s t o l o g i c a l (37) and i n i s o t o p e (16) 
s t u d i e s . In t h i s r e s p e c t i t i s r e l e v a n t t h a t lymphokine a c t i v i t y · 
a p r i n c i p a l means of f u n c t i o n a l e f f e c t o r e x p r e s s i o n o f Τ c e l l 
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activation, has been identified in pathological synovial fluids 
and in the supernatants of expiant cultures of inflamed synovial 
tissue obtained from antigen-induced joint inflammation (33,34)· 
Since non-immune arthritis also suppresses proteoglycan synthesis 
( 2 , 4 ) , there must be other mediators that have the same effect. 
Indeed, it has been shown that prostaglandins (7,25), present in 
increased quantities in inflamed joints ( 3 1 ) , hyaluronic acid and 
oligosaccharides derived from it (14,38), can suppress chondro-
cyte function. Moreover, catabolin has been shown not only to 
stimulate chondrocyte mediated cartilage breakdown but also to 
suppress chondrocyte proteoglycan synthesis (19). In addition it 
should be borne in mind that other non-specific factors, e.g. 
local oxygen tension, are involved. It has been shown that hy-
poxia, which has a proteoglycan synthesis-stimulating effect in 
the embryo (30), suppresses chondrocytes in mature cartilage (27). 
Such a hypoxia has been shown in inflamed joints (8). 
CHONDROCYTE IMPAIRMENT AND CARTILAGE DESTRUCTION 
If chondrocytes are influenced by the inflammatory process, then 
how can it contribute to cartilage destruction? At this moment 
the degree of contribution to the process of cartilage destruc-
tion is unknown. Two principal mechanisms may be operative. First, 
the inflammatory process may release factors or induce an envi-
ronment that lead to (enzymatic) degradation of cartilage matrix 
by chondrocytes. Such factors have been demonstrated (5,18,36). 
Second, suppression of chondrocyte function by the inflammatory 
process, as mentioned, may add to proteoglycan depletion. This 
may facilitate penetrance into the cartilage of high molecular 
weight mediators such as lymphotoxin (24) or antibodies (10) 
toxic for chondrocytes, and increases the availability of colla-
gen as a substrate for col 1agenases. The combination of enzymatic 
breakdown and suppression of chondrocyte synthetic function may 
therefore contribute to permanentcarti1 age damage. In addition, 
proteoglycan depletion probably makes cartilage more vulnerable 
to biomechanical forces. 
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RELEVANCE TO HUMAN CHRONIC ARTHRITIS 
The role of impairment of function or death of chondrocytes in 
cartilage destruction in human chronic arthritis is unknown, as 
is the role of degradative enzymes. However, in view of the simi­
larities not only in morphology but also in pathogenetic mecha­
nisms between AIA and RA (12,35) two kinds of observations may 
be relevant in this respect. First, morphological studies have 
indicated that chondrocytes in cartilage from rheumatoid joints 
can be structurally damaged or even dead (1,11). Histological 
pictures so far published sometimes show parts of hyaline carti­
lage to contain many empty lacunae (1,9). Ultrastructural studies, 
in addition, have indicated severely disorganized chondrocytes 
(2 0 ) , pictures consistent with disturbed chondrocyte function. 
However, studies on cartilage proteoglycan synthesis in rheuma­
toid cartilage have not yielded unequivocal results (17,28). A 
second group of observations indicates that mediators that have 
been shown to suppress chondrocyte proteoglycan synthesis can be 
found in the rheumatoid joint, i.e. lymphokines (34), prostaglan­
dins (25,31), catabolin-1ike activity (35) and hyaluronic acid. 
Of special interest may be the lymphokines, since both cellular 
immune mechanisms and potential antigens (collagen, proteogly­
cans, IgG-Fc) have been suggested as important for rheumatoid 
joint inflammation (21). In addition, non specific features such 
as hypoxia (8) and the presence of free radicals (26) are other 
possible determinants. 
At the moment, although impressive data have been collected in 
studies using experimental arthritis or in-vitvo systems, no 
hard data are available on which mechanisms are operative in 
гп- г о cartilage destruction. However, functional and struc­
tural chondrocyte integrity is likely to be important, since it 
determines maintenance of cartilage integrity and therefore re­
sistance to ingrowth of vascular tissue. Disturbance of integri­
ty, especially in the presence of proliferating synovial tissue, 
may lead to pannus formation. 
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SAMENVATTING 
Chronische gewrichtsontstekingen, zoals bij rheumatoide arthri-
tis, leiden vaak tot schade aan gewrichten. Het chronisch ont-
stoken gewricht vertoont bij histologisch onderzoek destructie 
en proliferatie van weefsels; functioneel kan verlies van be-
weeglijkheid en/of stabiliteit optreden. Van de pathofysiologie 
van de processen, die leiden van de initiële ontsteking naar de 
uiteindelijke laesies, is nog veel onopgehelderd. Het onderzoek, 
dat hier wordt beschreven, handelt over twee vragen, die betrek-
king hebben op de Pathogenese van schade aan het gewricht door 
ontsteking. Op de eerste plaats over de invloeden, die de ont-
steking binnen het gewricht heeft op de peri arti cui ai re weefsels, 
dus op die structuren, die de twee gewrichtsvlakken in een juiste 
en stabiele positie ten opzichte van elkaar houden; op de tweede 
plaats over de betekenis van de duur en van de ernst van de ge-
wrichtsontsteking voor schade aan het kraakbeen, dus aan het 
weefsel waarvan het gewricht als drager en lager afhankelijk is. 
Bij dit onderzoek werd gebruik gemaakt van een experimentele ont-
steking, die in muizeknieën werd opgewekt door intra-articui ai re 
injectie van gemethyleerd runder albumine (mBSA). De dieren waren 
tevoren tegen dit antigeen geïmmuniseerd. Deze met behulp van an-
tigeen geïnduceerde arthritis (AIA) wordt algemeen beschouwd als 
een passend model voor de gewrichtsontsteking, die optreedt bij 
de rheumatoide arthritis (hoofdstuk 1 ) . 
Voor het eerste deel van het onderzoek, betreffend de invloed 
van AIA op peri arti cui ai re structuren, werden histologische cou-
pes vervaardigd van gehele kniegewrichten op verschillende tijd-
stippen na inductie van de ontsteking. Er blijken, gelijktijdig 
met de vroegste tekenen van ontsteking binnen het gewricht, ver-
anderingen op te treden in de periarticui ai re weefsels. In de 
spieren nabij het gewricht ontstaat een dicht infiltraat, naar 
het lijkt mede door verspreiding van granulocyten vanuit het ge-
wricht. Reeds kort na het ontstaan van de ontsteking wordt een 
schadelijk effect op het bot gevonden, waarbij erosies ontstaan 
op die plaatsen waar het bot aan het gewricht grenst. Prolife-
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ratie van fibroblasten leidt tot verdikking van het fibreuse kap­
sel en proliferatie van cellen van het periost resulteert in de 
vorming van nieuw bot. Deze prol iferatieve veranderingen zijn het 
meest uitgesproken op plaatsen dicht bij heftige ontsteking en 
bij de aanhechtingsplaatsen van het kapsel aan het bot. In het 
algemeen blijkt dat er een diepgaande invloed is van gewrichts­
ontsteking op de peri arti cui ai re weefsels en dat daarbij de lo-
calisatie en de pre-exis tente structuur van de weefsels bepalen 
of er inflammatoire, dan wel proliferatieve of destructieve ver­
anderingen optreden (hoofdstuk 2 ) . 
Het tweede deel van het onderzoek betreft de invloed van ontste­
king, in het bijzonder de duur en de ernst daarvan, op het ge­
wrichtskraakbeen. Een methode werd ontwikkeld en beschreven om 
ontsteking in de muizeknie op te sporen en te kwantificeren. 
Dit gebeurt door na intraperitoneale injectie van 10 цСі 9 9 m j
c
_ 
pertechnetaat de opneming van 99m-j-
c
 boven de kniegewrichten te 
meten. De ernst van de ontsteking wordt aangegeven als de ratio 
van de 9 9 m j
c
 opneming in de rechter ontstoken knie ten opzichte 
van de linker niet ontstoken knie. Van belang om reproduceerbare 
en betrouwbare metingen te verkrijgen, blijken de juiste plaatsing 
en fixatie van de knie ten opzichte van de stralingsdetector en 
ook de zorgvuldige afscherming van het overige lichaam van het 
proefdier van de stralingsdetector (hoofdstuk 3 ) . 
Ook voor het kwantificeren van de metabole activiteit van de chon-
drocyten in het gewrichtskraakbeen werd een eenvoudige methode 
ontwikkeld, die zowel in vivo als in vitro kan worden toegepast. 
Hierbij wordt de inbouw van 35$ beschouwd als maat voor de pro-
teoglycaansynthese. Een kenmerk van de methode is dat gebruik 
wordt gemaakt van het kraakbeen van de patella, dus van een stuk 
kraakbeen dat goed omschreven is en dat anatomisch intact kan 
worden gehouden. De ^5$ inbouw in het kraakbeen van de patella 
blijkt vergelijkbaar in verschillende muizen, binnen gelijke 
leeftijdsgroepen. Het suppressief effect van ontsteking op kraak­
been wordt berekend door vergelijking van de 35$ inbouw in de 
rechter ontstoken knie met de -^S inbouw in de linker, niet ont­
stoken knie (hoofdstuk 4 ) . 
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Bij in vivo onderzoek naar de proteoglycaansynthese in kraakbeen 
werd naast de bovengenoemde AIA, ook een met Zymosan geïnduceer-
de arthritis gebruikt, respectievelijk als model voor een im-
munologische en voor een niet-immunologisehe gewrichtsontsteking. 
Het blijkt dat beide typen ontsteking remming van de proteogly-
caansynthese veroorzaken. Voor deze in vivo meting wordt ^^S-
sulfaat intraveneus toegediend als label voor proteoglycaansyn-
these. De afgenomen hoeveelheid 3'S in het kraakbeen is het ge-
volg van remming van de synthese, en niet van afbraak van nieuw 
gevormde proteoglycanen omdat geen versneld uitlekken van 3 5 S uit 
het kraakbeen van ontstoken gewrichten kan worden aangetoond. Bij 
histologisch onderzoek wordt zeer consistent verlies van chondro-
cyten gevonden in het centrale deel van de patella, zonder pan-
nusweefsel in de nabijheid (hoofdstuk 5 ) . 
Het remmend effect van ontsteking op de proteoglycaansynthese 
door chondrocyten werd nader onderzocht in relatie tot de ernst 
en de duur van de ontsteking. De ernst van de ontsteking werd 
gevarieerd door verschillende doses mBSA te injiceren in de rech-
ter knie van groepen geïmmunizeerde muizen. De gewrichtsontste-
king werd gekwantificeerd door meting van de 99 mTc opneming in de 
knieën op verschillende dagen na inductie van ontsteking. Er is 
een significante relatie tussen de ernst van de ontsteking en de 
remming van de proteoglycaansynthese, zoals gemeten met de 35$ 
inbouw, op de tweede dag na ontstekingsinductie. Opvallend is het, 
dat ook geringe ontsteking aanzienlijke remming van proteogly-
caansynthese veroorzaakt. Na 28 dagen blijkt er dood van chondro-
cyten te zijn opgetreden en is er verlies van proteoglycanen uit 
het kraakbeen. Deze beide bevindingen zijn gecorreleerd aan de 
ernst van de gewrichtsontsteking, zoals die werd gemeten op dag 
28. Bovendien is er een significante correlatie van deze uitein-
delijke afwijkingen in het kraakbeen met de ernst van de ontste-
king, zoals die op verschillende voorafgaande dagen werd gemeten. 
Deze correlatie blijkt te verbeteren met toenemende duur van ont-
steking. Het verlies van chondrocyten wordt vooral waargenomen 
in de dieren met ernstige ontsteking (hoofdstuk 6 ) . 
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Gegevens van recente studies van onszelf en ook van andere labo-
ratoria geven aanwijzingen, dat functionele veranderingen van de 
chondrocyten optreden onder invloed van gewrichtsontsteking. 
Enerzijds blijkt dat bij experimentele arthritis het chondrocyt-
metabolisme geremd kan worden en dat chondrocytdood kan optreden. 
Anderzijds blijkt dat in synovium en synoviale vloeistof uit ont-
stoken gewrichten mediatoren voorkomen, die het metabolisme van 
chondrocyten in kraakbeen explantaten moduleren. Deze bevindingen 
steunen de opvatting, dat de verminderde metabole activiteit van 
chondrocyten, naast toegenomen enzymatische afbraak van kraak-
beenmatrix, een belangrijke pathogenetische factor is voor het 
optreden van kraakbeendestructie in chronisch ontstoken gewrich-
ten (hoofdstuk 7 ) . 
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STELLINGEN 
MARIJN W M KRUIJSEN 
4 februari 1983. 
1 
De afneming van de hoeveelheid proteoglycanen in het gewrichts-
kraakbeen, zoals ook bij kortdurende en milde gewrichtsontsteking-
en wordt waargenomen, is vooral het gevolg van vermindering van 
de proteoglycaansynthese door de chondrocyten. 
2 
De schade, die onder invloed van ontsteking ontstaat aan gewrichts-
kraakbeen, wordt voor een belangrijk deel veroorzaakt door een di-
rect nadelig effect van ontsteking op het metabolisme en de over-
leving van chondrocyten. 
3 
Bij de experimentele met antigeen geïnduceerde arthritis ontstaat 
locaal in het gewricht een zodanige overgevoeligheid, dat intra-
veneuze toediening van een geringe hoeveelheid antigeen leidt tot 
verergering van de gewrichtsontsteking. 
4 
Gelijktijdig met een ontstekingsproces in het gewricht ontstaan 
in de periarticulai re structuren inflammatoire en structurele ver-
anderingen, die een aantasting vormen van de beschermende functie 
van deze structuren tegen mechanische belasting van het gewricht. 
5 
Gewrichtsontsteking veroorzaakt inflammatoire, destructieve en po-
liferatieve laesies in de periarticui ai re structuren. De pre-exis-
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